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PREFACE. 



* This little volume is intended to supplement existing 

'^ field books. Consequently the usual theoretical discussions 
^* have been omitted and the book reduced in size as much as 
jT possible. It is believed, however, that these tables will 
^ prove amply sufficient to meet the demands of the field 
engineer. 

The correction quantities are original in that they are 
applicable to any function of a curve and are independent 
of the central angle. The rectangular co-ordinates, X and 
Y, are believed to be entirely new. The appendix, "Field 
Engineering Without a Field Book," is here presented for 
the first time. 

The computations have been made with extreme care. 
The approximation of 5,730 feet for the radius of a one- 
degree curve, used in several previous books, has not been 
permitted in the preparation of the present volume. 

While every effort has been made to secure absolute 
accuracy in the tables, the author makes no claim to infalli- 
bility. Should any errors be discovered, however slight, a 
favor will be conferred by reporting the same to the pub- 
lishers. 

Chicago, July, 1906. R. S. Henderson. 
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EXPLANAT/ON OF TERMS. 
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FORMULAS FOR A T CURVE. 



BxJius - R ' 



5<V)0r-3O 



'S729.G5 



Sob-tangent » T * Rtan/^^ 

Etifernol Secant * £" = f? exscc J^ A 

Lonj C/jord » C = 2 R sin i^A 

Middle Ordinote = M= RversJ^A 
F?ecton^o/ar Co-ordinate X = Rsin A 
Rectangular Co-ordindfe Y= RverjA 
Length? of Curve = L = 100 A 
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USE or TABLES. 
/. To fiV> J Hje functions of a G^ curve if ^ '^7-3Sl 
(Tables I, n anJ III.) 



For a r curve.* 
T-ZSZJ6.1 Cor. -a/9 
E= SJZJA- Cor. -0.04 
C = 44Ea.8 Cor.- OM 
M= 4-36.91 Cor. = O.04 

Y = /06^.9 Cor.= 0./4 
L -47X100^-5833- AjSB.Z^ 



For a 6* curve , 



E« 



5J^/4 



fa04= ^5.7/ 



C=-lf|L?^ 0.34 =77^7 9/ 



2. To f/W ^e functions of Q Cvrvc of 22o' rodius /f 4= 9£-Z3\ 
(Tables I, 11 oAT</ IV.) 



For a /* ci/rk'e. 
T=i-^7J./ 

e:- 2547 2 

C= 8269.7 
M = /7^3,3 



For,o curve' of 22o' r^<//t/$ , 

T =5^73./ X .03839/ ^ 229.35 
E = 2S47.Z X .038397 = 9;! 90 
C = 8269.7 X .038397= 317.5-3 
M-I7G33 t.038397== 67.7/ 



No correcti'on reQvired. Decree of curve =• ^6*/6.4 

If chaifn'n^ beqim at o/7c end of curve life sub-chord 
ai ihe olher e/x/ yvill he ^l-^^-^fr^) X,048»5/.62f <7.3 3- f/- 95, 
WaKin^ i.==35'.95 irjslead of 35I.6Z 
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J, Bf.Qrrf^e eho\^tng opphcafion of foe I" oorve fuocrion^ in pOSS- 
tng ohtoc/es. (Tables I, Hand lit) 

Oivefl Two fongerj/s infer sect io^ oppoiife fo Of?(/ Z47' fro/7f a 
hvilJiog, A-r9-4S'. 5fot/o/7 of Rl^ ~48-hJl6 

Reqvired fo run in fhe flaffesf curve of eyen degree or 
half degree fhof v^ill char the hvllJing by r?of less fhaff 5o\ 

Moximum alloy^ob/e value oi JE"- ^47--^'^ '^/S// 

For A =39-4j' T; * 3^99.2 , £;■= S7^.^7 and L, -S97/.7 



B76,97 
197 



= 4AF >/e/7ce use 4*-3o' corye. 



4.5 



^=/94.9-£;.„ 



247-/94.3 = S^.l 



A.. 




^^^^ 73033 
i;.^ -731.11 

Station 



oi PJ.= 4-2^-1 1. (> 

T = r-tBu 

Sfafion of P.O, — 4-0i'90S 

L = la-hzr.o 

Shh'on of P.T.:= 54-^07.5" 
Sub -chord from P.C.fo 5fafion 41 =/S!5" 
Deflection in minutes =^ ,3DX sut-cAor<y =.3Af45X/35 
s=2G. Hence deflections from P.C. are as 

fol/ovys: 41, (f-ze'. 42, 2'- 4/'. 43, 4V6.' 44, 
7"-//! 4S, 3^-2e'. 46, in4i: 47, /J-^6.' 

W/^ transit at P.I. (afler A has been measured) 
sef PC. of shfton 40-60.^ anef set P.T. on for- 
v/ord tangent 73 Al' from P.I. 

V/ifh frOPs'if at P.C. set stations 41 on J AZ % 
deflections. On occcunf of ohstacfes on If/fe 

siahons 43, 44, 4S oo(/ 4G are invisiUe frow 
P.C. Cenfral angle fo shfion 4-3=2 y(4*'-56') - 9- sV . 
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For /i = 9'S2' X, = 981. 81 ^^ = 2/8/^ = X^.,^ 

Colling PC. sfaf'ton sef q point /A of Z-h/S.Z on 9vbto/y^ent. 
5e/ sMio/) 4-3 /y mGOSurin^ tS.Sz' in^m A o^d foo' ircm 5To- 
t/on 42. 

Ceo+ro/ angle to siofion ^4 = (s'-Sz) 't'(4'-Jo) * /4.*'22' 

For ^ = t4''-22 X. ^ /42/.7 -^^^ = 3/S.3 * X^.„ 

5e/ £7 point B at static /r J-h /S,9 on svhfangent. 5e/ bfot/on 
44- hif measuring J9.92' from B ond^ /oo' from station 4-3 . 
% ^imilorlif for station 45, A - /^-i"/, X,'=^/8S29, X4.,o= ^l>^ , 
y, =i 307.83 , Y^j^ = €8.41 Sef a po'iof F at sfafityn 4y-//.7 on jub-fon^eat 

For station 47, A = 27-S2' C. * E7J9.3 ^^T^ =" ^'^- ' ^ C^or. = O.IS 

6/3.18 + ^./5 - 6»3. 33 = C4.30 . 5et sMion 4 7 bif chord J'l^fance 

(cf3.33' {ronj EC. ond deflecfiof) 13"- se'. 

Obsfoch^ on l>oe present sctt//7y sfof/on 45" tw weo^vrma irofJJ 
siai'fon 44 or 4^. With iransif of F sei sfof/on 45 bj weos- 

un'n^ OS. 41' of ri^fjt a/fj/es to suh-fong^nt. 

With fran^if- of sfaf/cn 47 jet bfatic/rs 46 and 48 by def/ec- 
fions . On account" of obsfoc/es on /i/7€ s^oftons ^9 ond 50 ore 

invisible front sfohon 47. Ceniral oncf/c sfof/on 47 to 5/ =^ /e'-O'. 

For £i-ie'-o' C^f 79^.6 ^^^^ z: 398.36 Cor.»0./0 338.lG-hO./0 

= 398.4^ -C,.,,. hi, ^7054 ^ = fS.68 ^ f^,,,^ 

Set efcttion St Su chord 3^8 A(,' fronr sfotw/r 4-7 ond <^GTle^hon 
9-0 from fo/r^eot of siafion 47. 

Sef a point H on the cJjord lOO' frcni ^tot/on 47 onj meoiure 
distance from H fo sfof/on 4-3- 5ef o potnf K on tie 

chord 100' irom sfotio/f SI. Set ef of/or? SO bu fpeasvnna /oo' 
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rrom sfafion SI Qa</ Hfe some K/isfcr/rce from K QS H /5 from sfg- 
ton 4^8' 5e,f a f>oini G at center of chord. Set statt'oit 49hif 
measuring /S,^' from O and /oo' from sfa^/on SO^ 

y^ifk transit of P. T set sfaf/o^s SB, S3 <?W S4 iy defUcf/ons 
ctnd oheck on sfotion S/. 

In He forego in^ example tie corrections ore vse^ onk where 
necessartf. A little practice w/7/ indicate where Iheif shoulj he 
vsed and vvhere "Inetj may te amiffeJ. 

4. Use of co-ordifiates X and Y as Qpfiie^d fe reversed curves. 
Given two tangents moKin^ an angle of JO-f^' wifh eoch'olien 
ffeaulreJ fe connect Ihem vyi/(? an S** reversed cufKe. Tie. curve 
Is 1b leave the first tangent at a point U, the oeroend/cuhr 
distance HF being 97.3S' 




If ihe curve HZ is oroJvced betfonj U 'h> B Increasing He, 
ceniral angle i»j Kf-/4' ike tangent jfe t^e curve at 6 will he. 
parallel % fhe second tangent FN. 

J0I7.9_ 



Tor 4 =5/^-/-^ X, -ioi7,9 



' /2724 Cor. = 0.iO It7.t4 -h OJO 



91.14 



^iE7.34*BQ. X = ^/./4 ^^^l/.39 'QH 973Si-//.39^ /08.74^Qf^Ky. 

/£^<^ SA.^7 = }<ZszXy S4.37X9 =454.96 Cor« 04x8 «."3a 

434^.96 -.32 » 4J4.64 = X 4or central angle a. Hence a = 22*-28' 
b *fczr-28'J-(/0*-/4) » /2-/4' 
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For A =22''-Z9 



-• 7>l8^Jb 



ZlS^Jb 



B73 70 Cor - 22 



0,2Z ;= Z.73 32 =r V/V ^BK. 2.73. 92 -fa7.l4 ^/44,58 ~QK:z rK 

LengfA of corre XZ^ <i^^^ fSZ3 
Lensifi of curve ZN ^ ^^^'^^ » 280 8 



5". tfee of /77/(/c//g or</inates |V» olx^fin^ a cury^ o: 



Bisect cKoft/ 5G fl/ H 
Connecf H and F. 



/ ^/ye ceotrol 



W/^./£^5-^g00.7 



MTs 



- /g*6.S . 



2413 




Drow PZ perpenc/icular to chord KG at mi</d/e 
poinf- P, Drav^ Q5 perp^ndiCMlar to Jiond PK" 
af mi</Jte polo'h Q. 

Tlius tj succe55/k'e bisection ooij number oi points rrrau be 
plotted o/t the corve. 

6. Use of X, Y atiJ C in p\ofttn^ a curve of smo// centra/ o/T^/e. 
(yiyen a 5* curve. A » 2'-/7'. 
F?eoui*re</ t© plot ooinfs on the curve. SO oparf'' 
Ca/fiifj PX, station qlves ihe folloYtioq wo/ues oi X.YaoJ 
C for one Wf oi the. curve: 



5f^;«. 


A 


X 


Y 


C 


0+H> 


r^o' 


J^O 


C'.? 


Jao 


J 


5- O 


/OO.O 


«.€ 


W0.0 


^SO 


4^30 


m9.E 


J.9 


f^ao 


t 


6' O 


/596 


fOS 


f99.9 


+50 


7- JO 


^4ft3 


/t3 


^^9,H 


J 


9- O 


£9g,9 


a3,s 


2^%7 


. +JC> 


^O-JO 


J4ffJ? 


lio 


i^^% 



Calling P.T station O use the. same 
wahes of X, V or?(/ C for the 
other half of the curve. 
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7. Use oif long chotjs in plottir»g a transit lioe. 



Tangenf 



Leoglh 



ssoo' 

397^ 
2800 

378A 



Angle 



28-32 f?. 
16-19 L. 
38-44 L. 
40-54 R 
A7-I6 L. 



7o/fl/ Angle 



28-32 R, 
12-/3 R. 
26-31 L. 
14-23 R, 
32-53 L. 



TdSV Aojte 



282'4.0 
/2I9.4. 
2628.1 

324?.4 



TTie i&ngHt OfiJ angle of fte yariovs 
tangents are measured, "Hie total an- 
g/es computed an J C, to Hen from 

Af a cony&nierit point o/7 tfee mop 
one/ ^ a /orfe scale. Jrav^ o circle 
w/ft radivs oi SZe%6S' 

Through ifre ceoti»r x xA the circle 
draw a li/ie. paroflel A tonqept 6, 
ifihsrsccfioq ^e circumference atpoinfh. 




Using sco/e to wf)icfi circle w^s dra^n lay off chorJs m follows: 
bf = ^SZ-*.©' ^ ^ r/^^A of 6 

bg = /2/9.4 

bh * 2628/ .. .. \ef^ " - 
bK = ;454.6 - .. ngiif . - 
bp =r 3243.4 •• Jeff - .. 

^rair too^pf f poral/el to -rf , tsng&jt g pora/l&l t> zg, torfoenf 
h parallel lb z.b etc. 

Orow lengths of to/>gepfs lo scale, of mop^ 
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8. Use of taUes VI and VII . 

Toblc v/ qives nofural sloes aft J cosines Qtid toh/e VII nofunal 
tangents ond cofongents to ^even decimals for anjjies Mortiiflq 
bif ^n m/'/iutes . 

The /noximum error resolfino . fronj direct /nTerPolorto/? of 
infGrmedioi'G ort^/es Is one \jnii' in ihe sIxHi c/eciVwtf/ place 
for tqhie VI a/id ^ur vntfs for fohfe VW. Hence Ikese litUes 

ore more oc^urafe. ihoti five- place tables wartfln^ bu single 
mlnvfes. 

Tonge/its ore ^iven only for angles under 45** and cotangents 
for angles over 46^ since direct inlerpolotion is not per- 
m/ssable ootside. of ItjGSG. J/'mfs, 

To find the tonge/it of on ong/e greater Hiati AS*" fa^e. 
the reciprocal of ihe oottinjent of i\ie angle. 

To find the cotangent ©f on angle less than 45"* toKe. 
fhe reciorocal of 1he Icfngerif ©f ihe angle. 
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TABLE I.— MINUTKS IN DECIMALS OF A DEGREE, AND LENGTH OF A 
ONE-DEGREE CURVE. 
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P05ITIVF COimECTlON FOR LENOTN Of SO0-CHORO PtM A fO CUffVe. 
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The correcfion vanes as the 
SQuare of Me c/a^nec of curve. 

Thus for a fS" curve, o/f</ 
sok'chori/ of 70' fie correcf/on 
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TABLE II.— FUNCTIONS OF A ONE-DEGREE CURVE 
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la 
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2^.* 


LZ 
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^49 
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zs 
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1^ 
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ZF 
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26 
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*447 


41^ 


t.4J9 


4; ,51 


zsjd 


Z7 


n£i 


4.?23 


4*9? 


4.3t^<? 


44 se 


f7Z7 


7^7/ 


*.d^ 


4A3& 


4.4/9 


44.^9 


21^1 


^« 


Z3.4S 


4J5J^ 


4«5i& 


4?y^ 


46. a? 


1 /74£f 


7/. 5* 


«.f2^ 


44.4.7 


6 (19 


^5.g4 


26.C* 


29 


M.lB 


4J^ 


4^tl 


^3ffy 


4 7#ff 


^15^ 


7^38 


t.5^ 


4$.fS 


65sa 


47So 


2^.2? 


30 


Z2^Jl 


4^^42( 


4*9.» 


4.4(7 


443. S5f 


a^6 


t7f£i 


^606 


S49.90 


6sn 
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ZZ 
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3i 
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JS*^ 


-i5^J6 


f45J 
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JA 
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SS 
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57 8S 


iB.iZ 
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3y 
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jn 
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6,9?0 
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B7S7 
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^194 


4€ 
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7.^f3 
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70S^ 
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4z 
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«^.<9 


19^7 


m.24 


7.094. 


*ft77 


7^^7 


69,07 


i^.JJ 


4J 


35:97 
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7/.W 
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7/74. 


f94Q 


€^,07 


7/37 


7a4^ 


7/^S 


70.7 J 
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44 
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7JZO 
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7f79 


7/./0 
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?f.6t 


^5 


3764 


4?i?6 


?4.9r 


4 922 


^M 
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S7.W 


7tZl 


;5^.77 
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7Si>4 


2ffffJ 


4* 


3gf.47 


A9£f 


7Kf» 


4.9Jtf 


Tf, iZ 


/9.a2 
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7 26 J 


?«4J 


7254 


7S7& 


£9A> 


47 


J9lf 


4 995 


7*,20 


4.99/ 
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f9?B 


B%A2 


-K305 


:7»jO 
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77S4, 


i?9(6 


4« 


AofJi. 
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7S96 


5"i3B6 


7^44 


^0.05 


9^25 
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7.3J^ 
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2^JJ 


AS 


40.M 


XOi^ 
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^,?I 


9ia^ 


zm 
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Zq4B 
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ra 
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Sjoo 


4SJ.ZQ 
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74JJ 


S8S.^ 
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J/ 
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S4.4J 


£&Si 
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B4jS 
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^S4 


SZ 
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S6.SJ 


5.^6* 


ffl&.D? 
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9J5S 


7.5^^7 


g64t 


7.5&7 
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53 
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f.ZOJ 
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9J45 
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SdM 
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S7if 
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54 
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S9a* 
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^0^4 
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*« 


JJ 
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S7 
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?^8f 
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S3 
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5J»( 
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^l fJ 
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J/.2/ 
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mp 
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fi>M 
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47.Si 


( 
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w.o4 


7?^^ 


fl£.Z3 


J/^ 
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a7^o 
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i. 
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7.9^^ 
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Ji9S 


mm 


04 S^ 


'm 
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J 
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S.C^S 
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i7/^;0 


J^lt 
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07.B^ 
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3 
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m,7S 


9.m 
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SS4i. 
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c^ss 
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OB f9 
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^ 
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S^^O 
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7 
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fjQS 


aaos 
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44 ij 


8 
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S,Z^2 


H^.7/ 
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S?^97 


f/t7 


/4SS 


i7jS 


OJS 


44^ 


9' 


JOSM 


B.J07 
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S£94 


S/y^ 


33 J f 


^5S.B1 


77 77 


77S2I 
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f4tf 
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io 


09A7 


SA51 


f^Xi^ 


fjf^ 
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59 641 /ftB 


fTSr 
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/G4i 
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ft 
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fSM 


3S.S1 
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7^B4 
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n 
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33^3 
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77 i& 


79.77 


4B.3S 


n 
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s.^75 


2l£7/ 


U%7 


€iiS 


77 4 J 


i2M 


/74i 
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4540 


/4 


f^.fi 


FTJJ 


24 7^ 


g.5£0 
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SdM 


«?99 
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^45J 


f74A 


2iM 


4J.e^ 


iS 


/J.«5 


* i^ 


2hM 
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^5^J 


S4X^ 
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^.f'i 
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74-. 7 J 


4^.C£ 


/6 
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^6^4 
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27 OS 


J44I 
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Z72S 


77 s 7 


Z^IB 


4^.2i 


t? 


iS.li 


^.t;^ 


^ai9 


&.fc5/ 


Z^M 


i4 40 


A5S0 


7/^S 


t9Sl 


i7MZ 


^BX>4 


^.44 


IS 


^.?6 


^7/^ 


iUJ 


??'£'/ 


^4o 


34.Jf 


6hA& 


7t7P 


3t/8 
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^9.49 


46.6 s: 


79 
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5.76^ 


CiJo2 


^.?4^ 


Qi?05 


14*7 


1^7 i 7 


if 75 


7J2M 


//.7/ 


7Si 34 


4^.n7 


^o 


^;rsi 


9Bo8 


J4j6a 


ffTSfl 


n7/ 


)5JS 


^iOJ 


77 Mf 


j4Sf 


7178 
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47.08 


zi 


/?^r 
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g.S4/ 


JBi7 


35 J4 


tBfiS , ff B^ 


J6J7 


7t%4^ 


34^ 


7^7 Z9 


^z 


n^o 


B.HOt 


^P/ 


9Mr 


i70Z 


jr.5£ 
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^7Si 


77 29 
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ZJ 


lOi^ 


t/idB 


39^ 


5.9^ 


m^ff 


3S7/ 
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e4 
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$99S 


4t^ 


^.9^/ 


4i>3^ 


??S? 
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4J^6 


f?0& 


3^.U 


4794 


25 
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^f>3rl 


/fi.OO 


9.c£/ 


47.99 


J6.Q& 
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4?.fi 


fZCS 


4f7C 


4RtS 


24, 


ZlfS 
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44-^r 


^£»A( 


4i^^ 


^Z7 


7J.0H /^J3 


44.4^ 
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4?9/ 
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£7 
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9.n5 
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9 rzf 


45 Jb 
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/^./a 
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ifM 
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2g 


^4se 


^mi 
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9/68 
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74.7c 
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^7S/ 
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A^:^z 


4B90 


79 
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9 J JO 


^4%^ 


9^15 


^4t^2 


%^3 


i7S.54- 


/2.Z9 


74947 


7r27 


74T&7 


49.0Z 


5C 


Z&r9 


^7TS 


S15Z 


9.if,i 


50 17 


1701 


nJB f7 iS 


S/ t4^ 


ftJ7 


49^Z 


-49^4 


31 


?7£^i 


9J^5 


5i9^ 


9 3iO 


Jf.9i 


?7.af 


77 ^t 77. 40 


S^.9c 


t7 3S 


5ff7 


49 4S 


IZ 


Z?M 


9y7? 


S445 


"iJiff 


5}^ 


J?40 


78<^5 f7 4tf 


S4 4C 


7if^l 


S^.8t 


4^67 


IS 


19. ?Q 


Uzi 


S^J2 


94Q5 


5St^ 


J7S^ 


^.S^ 


iZSi 


54 n 


%% 


54 4S 


4-98^ 


34 


^hl 


^J*5 


57 m 


^.45i 


f^n 


J7 78 


79 7 J 


7^5? 


S779 


J6 a 


J^.if 


IS 


3(f.-i7 


9 5/7 


59.^ 


9^of 


SSJI 


i797 


S&.^^ 


7tfi2 


S^AS 


*2iQ 


S779 


S^3i 


76 


3iZi 
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*^3^ 


9^4.9 
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iSfl^ 


%i4Q 
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S94J 


^ofs 


3T 
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^.4^7 
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9S'77 


if^ 


J&J^ 


37 l^ 


ft-^ 


^7 7e 
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S0.77 


39 


i^M 


9^62 
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9(,4S 


i3s^ 


^Jf 


dr^T 


n79 


^*44 


ilTC 


iilM 


SfOo 


3f 


$117 i 


%7/0 


6t6it3 


9.694 


665-/?' 


am 


3ff^9f 


/PfS 


T^LJO 


n^EB 


74^ J9 


S^7tl 


4^ 


^4Ss 


^.79 f 


^7H 


»74^ 


ti^Sf 


J?.94 


BA.7^ 
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^77? 


n^T 


f&,o4 


yA44 


4-J 
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9.^og 


£9.4 i 


??9/ 
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ff jy 


7^.n 


69.4* 


/?95 


6/^9 
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4e 


JiJ2 
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7fi9 
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7&M 
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ffiAt 
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7-/09 
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43 
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77 9S 


^.?!9a 


7f79 


i^J^ 


S7U 


fi07 
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57. if 


44 
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9.9S^S 


7aj,Z 


59^5 


73^5 
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7W4? 


i^ACt 


^65 


J^.H 


4r 


1S7J 


fO.oa 


7&.2S 


99e?^ 


rS/0 


^/^t 


fie 9^ 


7i.f9 
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7J ify 


74 iO 


S7'^i> 


44. 


39.^7 


10^5 


7/9S 
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7G7€ 


4c \t 


»9J7 


7i.74 


^774 


/7li 


7§9f 


Si. 79 


47 


*3 4o 


fO.fO 


79.f^f 
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7B4f 


^.it 


9&6,t 


fi.^o 
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77$C 
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4g 


A»^4 


^7 J" 
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/a.ii 


%QQ7 


4fl,S0 


^A*?y 


7IM 


SfQT 


/i.Ii 


7925 


5i.l4 


4^ 


iwoB 


to.'^o 


(>8i94 


iajS 


6^//^ 


4fl70 


S9?^^ 


7j4t 


78i$J 


/i3S 


7m 9 f 


J/4e 


SO 
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f&i^ 
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fJJF 
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'^3ji 


(SA7 


$4<^ 


H.44 


B^U 


fJ^9 


S-f 


^J.«^ 
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B^Zt* 


faZ^ 
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4.J,/0 
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7i5^ 


F^£< 


//S^ 
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5^92 


52 
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M7.9J 


«J/ 
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4/l£> 


94.^ 


nS9 


d^J7? 
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•a^&c 
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^i 


45.4^ 


X^^O 
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/pja 
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9y^i 


H^4 


09 Ij? 


77.^\ 


H7^^ 


54.39 


S4 


J^.Ift 


fa4S 


9fZ& 


/£7-gj 


Sqo^ 


*J.7& 


'H47 


7i70 


't/oC 
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T4^I 


SS 


47 og 
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'fi^? 


^J.l^t 


4/9^ 
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/i.7i 


9Q.^i 
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J* 
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/^5S 
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3S f^ 


nm 
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SSC7 


J7 
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^r^ 


^S9 
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9i.U 


7^.84 
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Sf30 


58 


4^i0 
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14-^7 


BtJO.7/ 


jS^2? 


n.hi 


-'?'.^f 


0741 


77.79 


396 f 


7W^ 


? 


OiJJ 


f4J7 


0A.3S 


f4Ji 


0^.16 


M4i 


S14¥ 


J' 79^ 


04.07 


f7.d^ 


90/.2S 


77.3 S 


4 


C4^.CI 


M^i 


Oh.ot 


f^J9 


04.^3/ 


54.h3 


^4.?^ 


/79S 


oy.7J 


77.9 i 


0Z.90 


7/.^9 


5 


MM 


/J.S3 


o7.i.7 


M.^ 


OS,^h 


^33 


SfJJ 


^B£tf 


OZ39 


/799 


04.^4 


7L%S 


« 


ttSfifi 


/^.J4 


a^.u 


f4.3l 


OT.lt 


szi^ 


5J,% 


^^y 


09.0G 


7S.0(, 


i>6.i9 


T^Jf 


7 


<at5^ 


^3S 


n.oo 


f4.37 


09<^ 


S7.40 


Jh.^ 


'ffJS 


70.7^ 1 


/SA2 


07M 


7^1g 


3 


07» 


/£.6t 


M.43 


/CJfi 


SZ£i 


S7^ 


/8.« 


fS.-^S 


fS.i9 




72iA 


9 


Oft/? 


>?.F£ 


fjfJZ 


i^.49 


isi^ 


$7iS7 


smr 


/sj; 


^4.^ 


79.2i. 


fUl 


-^.^ 


/o 


4C^/il 


/fl.ra 


SIJ.^S 


MS4^ 


smi 


Si.ky 


45^11 


^5-F 


9t^.70 ! 


f^J7 


9^^,77 


73A7 


M 


09, B7 


/4.G4 


17.^5 


f4So 


t^.si. 


SBM 


e?.;fe 


^-55 


fZU 


m.n 


/A42 


73:44 


ft 


/C.7f 


W.^ 


iS.3t 


i4tA 


n.zi 


SS52 


^Loa 


^.5i 


790^ 


^84^ 


i^.Ck 


7J.:» 


n 


ii.S4 


/<7£ 


2TO.97 


}4.72 


f0M 


SSBi 


«U4 


W.5B 


20.^ 


ff.Bl 


f77f 


7^97 


/♦ 


fS.3e 


/i/8£ 


27 64 


i4W 


2C.St 


5906 


*JW 


m.is 


£7 .3 J 


/P59 


f9•^s 


74.'i4 


^s 


n.22 


i4M 


^/O 


i4:ff4 


zi.t^ 


S9.t^ 


tJSi 


m.Tl 


^4.01 


m.u 


21 eo 


74.^i 1 


/« 


^4J>« 


94 


^f-96 


W,^ 


n&t 


S9.S5 


€-=f.3f 


fB.79 


ZS.^ 


/g.7i 


zim 


;^77 


n 


/*F? 


/S.do 


Z7.^l 


^4% 


iS.46 


iK77 


*yJ5 


S.8S 


2^33 


fS.79 


^25 


7Jr(M 


i» 


^i:7j 


jcr^ 


£9.29 


ff^ce 


277/ 


SC.Of 


^Jfi 


^.91 


Z239 


ftM 


25.^/ 


7^3i 


t9 


/6.F/ 


iJ-./a 


303S 


fS.o» 


aft7< 


^.iS 


<4e7 


/B99 


30.6 5- 


^afti 


27.J5 


75.58 


20 


4-f7^f 


^s-j^ 


Bili^t 


i£.t4 


&Jft4/ 


ta$o 


^77f 


fS,% 


932:31 


/S,9» 


9^9.2? 


7^.85 


z\ 


^t,n 


/S2^ 


i*.i7 


/fla 


3Z.06 


i^74 


6SfS 


79 J3 


BJS7 


i94J^ 


3ft? ^ 


7^.72 


2Z 


i^OB 


ff.it 


35.9} 


/S.£7 


il7/ 


i03% 


i>939 


fm 


JJT*? 


i^M 


37.W 


7^3& 


£3 


i9.fi 


iS.lJ 


17.^0 


^S.JJ 


J5.J& 


hilt 


70.ZI 


/9.^ 


37.^0 


t9i& 


J4.^t 


T^U 


24 


saj^ 


tSM 


39JA 


fSj9 


37.O0 


6fA7 


7f.0i, 


/9^i 


38 9i 


^.27 


5y.*o 


K34 


^J 


ai.«o 


ff49 


4031 


tSM 


18tS 


Ojf 


71^ n 


/9.4c 


4^M 


i9.t3 


3744 


7n\ 


Z£ 


2? .43 


t^.ss 


At.SS 


fS.^f 


^Ja 


6/.9f 


7ZJ4 


>9.47 


4£.1» 


/9.40 


39.D9 


77.4S 


Z7 


2J.t7 


iS.^i 


AA.^4 


fS.W 


4r9r 


« ?o 1 7jr.SB 


f»,m 


4 3.94 


^.47 


4i5.7J 


77.7i 


29 


Wj/ 


iSji.7 


4S3f 


iSAJ 


43.«f 


&M 


7441 


79.^} 


4S^<i 


B.^H, 


47 ie 


TflOl 


£9 


^49f 


fSJ4 


4.7,57 


^5j&9 


45.^5 


6z,^ 


7^£fo 


79.^ 


47.1* 


i?.it 


44.ae 


7$.30 


JO 


4ar,w 


/i:Fo 


843.Z3 


f57(. 


S^'k> 


6^M 


47tJC 


m^ 


948S2 


lAt^ 


94^^7 


7&.S8 


Jl 


Zftft? 


/j.pe 


MS9 


WSl 


4SJ4 


^S.\2 


76 M 


f%.U 


S&.59 


i*f.7S- 


47.3 i 


Tsm 


^ 


5^4* 


fS3Z 


^M 


tSM 


SOJtt 


iiA3 


777S 


^.39 


/j?.2S 


f9S2 


49.9s 


79 a 


?J 


£«J0 


iS3^ 


S422 


iSM 


S/.94 


UM 


73. ^f 


m^ 


s^sst 


/9J9 


Stf,^ 


^^44 


34 


291^4 


/4or 


SS8g 


iSPO 


S3Af 


^192 


79,45 


aJ.oJ 


SS.S7 


'?.% 


ii?.i4 


79.6S 


JS^ 


nap 


f€.i( 


£ZS4 


(^.07 


S-XI4- 


64*7 


BO.t^ 


zojc 


5Z2f 


a?Dj 


SJ.BS 


799C 


i^ 


Jo,a; 


«.1T 


SB.za 


>£.;j 


^J9 


i4M 


8(tJ 


lD.i7 


S8.^9 


2e.M 


^SS3 


St>.7.4 


?7 


J/.^ff 


rt.a* 


6a g7 


i€.l9 


SeA3 


U^7 


Si^97 


2^X4 


6oyf 


J?o.l£ 


S7./r 


0£!.5Z 


3y 


*2A? 


^JO 


€i53 


fi^7S 


1?^ 


msz^ 


BlSf 


5i?-3/ 


ht.tl 


ai.ii 


^s/ 


S4.n 


J!? 


J^.^J 


/6.J& 


^^J9 


rt.?2 


^17 


0^6? 


atf.J8 


b3.B7 


£b.JD 


6^4^ 


m.47 


,*? 


4i^A7 


f^Ai 


9i9.9S 


f6.^ 


@*JJg 


€SAt 


4S4.49 


7D.4S 


%5;sj 


^S7 


9*2(0 


BUS 


4/ 


^^£' 


/k^ 


6ZSf 


it,M 


*F.oi 


6SM7 


BS.J3 


ZOrSZ 


A7.19 


^c44 


BS.74- 


fL^ 


4m 


JSS4 


f6.sf 


69J9 


f^.^i 


Hi7 


^f.^J 


S^J7 


?it.S9 


tSBS^ 


uo^St 


£S.i9 


87,97 


4J 


M.6ff 


f^6Ji 


73M 


i6J7 


6a 37 


6iJ3 


g70f 


ZCii 


7£iy/ 


ix>S9 


$^7.^3 


&2 2Q 


44 


iJ:T? 


MAB 


72 JO 


M.«3 


^^97 


^.4} 


BTSS 


10.7S 


7^7-S 


zoM 


B%67 


82.48 


4f 


38,3^ 


f&J4 


74/i 


/6.7b 


7/.*/ 


66(>S 


33.f^ 


Z/).90 


7i»* 


2J0.73 


m^i 


8^.7& 


4£ 


^S^tjO 


16 Si 


7^^Bi 


f^.Ti 


7f.Z6 


U.'M 


^.S} 


IP.S7 


7^f& 


2©,e» 


77.^ 


Fl^ 


47 


40.OJ 


t6.Br 


%*^ 


MM 


^.9/ 


67 f9 


9o.% 


7&9F 


77/6 


2<i.n7 


7S^0 


SJ.H 


^ 


4*.87 


HkH 


rt,^ 


7)^.^ 


674S 


9/.20 


2t^07 


7«Fe 


20^94 


TSTP* 


8:3,ht 


^9 


*f.7i 


It&o 


959^ 


^^.9f 


70,10 


^7.70 


9^M 


Z/.£9 


«tt4? 


ii.ot 


7Lm 


&l-«5 


J& 


442- JJ^ 


i7P7 


m^r 


ftot 


B79.$5 


^.96 


4^7.fi8 


^f.f^ 


9^ A* 


e/08 


97fft3 


B4i8 


5-/ 


41J9 


nj-y 


d4-.il 


itvs 


8^-50 


6i.tt 


9371 


ZUi 


sssc 


H-U^ 


SCt^tJ 


g44i 


J£ 


44,2J 


nt9 


8^.79 


af^ 


81.^^ 


^13-47 


5W.54 


■zuo 


iSAC 


Zt.Zi 


»{.%( 


B^TS 


JJ 


4Jot 


ati- 


^744 


till 


m7B 


i8 7i 1 gj^'to 


TtJt 


8I7Z 


7i.yo 


B34S 


5^0S 


J4 


^5;*J 


/7-i^ 


S9.1Z 


t7X7 


et.44 


6S99 'i 9ft Srf 


2 US 


9S.78 


ztsT 


85.o^ 


B531 


jr 


^If 


f7.39 


^.7$ 


n.34 


£Rt?t 


69.14 , 97.CS 


2tSi 


90.44. 


2^44 


B<^74 


Bf^f 


.$& 


47 SB 


f7Mf 


9iM 


i7M 


^rj 


At50 979/1 


If. St 


9z,io 


MSf 


&B.3S 


8Sm 


57, 


4«4t 


nsi 


UJO 


t7A7 


•J^.Jt 


£». 7€ 9S7^ 


ZtM7 


W76 


^t.S9 


9qM 


BL'S 


JS 


4a « 


tf.S9 


SXTt 


ntti 


9lcz 


TO.Cfl 9^^fi 


2f74 


5s;« 


Z.L6i 


9/^ 


F^47 


lii 


,iLEg- 


JLM^ 


n^ 


_/?,Ag>- 


H^F 


-mjit moA4 


liM^^ 


9Jtoft 


^Ljp 


9j.io, 


asje^ 



TABLE II.— FUNCTIONS OF A ONE-DEGREE CURVE 



10^ 


II 


6 


/ 


T 


E 


c 


M 


y 


Y 


T 


E 


c 


M 


y 


Y 


^f.iQ 


2^.B* 


"^«75" 


2^ to 


^4t 


H^/W 


fi7^ 


^.f<? 


^OSffJ 


AJS 


\o^i.j 


/05.2 7 


"^ 


oa.if 


^196 


Vcofl.4 ' 


^es 


S,^J4 


f^p* 


^SB 


Uooo 


^.'W. 


94.9 


0559 


1 


CK.« 


?£.03 


fl^J 


?f95 


9S.ti 


P/*J 


J/ IS 


06^ 


Oi^ 


3&?4 


9AS 


tfi:9/ 


2 


0130 


£z.// 


0*7 


^2M 


mnr 


S74^ 


S4li 


^6.:R* 


Oi i 


T^.U 


9S.I 


«.2i 


3 


«.*4 


Z7}i 


fls;4 


2^^ 


/l>oi.f 


0P.?/ 


Slc7 


a&.g^ 


oso 


HIO 


999 


^,5J 


4 


os:4S 


z-^.n 


07./ 


2?7/ 


ait 


sffa& 


JS,9l 


a^ 


0&.6 


BQ18 


/'/^A4 


06.27 


5 


(».« 


tl.Si 


0ff,7 


^2J4 


eJ4J 


«»75» 


^7S 


2*.^ 


OS J 


^M 


o3./ 


07.*9 


« 


07.x 


t2Ao 


^a.4 


£?J/ 


06.^ 




S79^ 


Zl.Qf 


04S 


£*^ 


047 


or. St 


7 


Oi.&& 


^?.4^ 


(Z.O 


e?.i9 


09.i 


89.iS 


SSAi 


2Z\S 


//^ 


i?o7 


^* 


OZ%i 


? 


oaw 


^ss 


'J. 7 


E2f»6 


09 7 


B9.b7 


Sf^7 


%7.Zl 


/I J 


ZTtQ 


QB.Q 


OSJS 


5 


^l.£? 


T^f^t 


/o^^.s 


?J54 


J0ff4^ 


B^M 


5^M 


27,^1 


ifr*.g 


nm 


/m.^ 


iogA7 


^0 


/0.S5 


iZ.Tti 


/7;o 


t^hl 


i$0 


9if.2f. 


^i>3f> 


^7J^ 


(£.4 


2726 


//.? 


00.90 


M 


iU& 


21.77 


i&.7 


21.^ , 


/4,^ 


9ff.Sf 


(rf.S6 


171^ 


tvz 


Z7.K 


/2.9 


09ii 


;2 


f?.20 


Tlt^ 


a). 3 


2iJt& 


i(,.3 


ft>.|5 


6f.W 


27 Sh 


i9-i 


Z74J 


M-5 


^.44 


n 


ff04 


S3.^Z 


5?o 


2*8* 


t?9 


w.a; 


&34S 


iy.^4 


2LS 


^7?* 


/«.? 


09.77 


/4 


/3S3 


PJ.OO 


£J6 


^^3l 


f9& 


*/*? 


6^3? 


Z7 7^ 


ii.z 


57^ 


^7? 


io^ 


'5 


f^.7l 


^3D7 


2^3 


2?« 


ZfZ 


9^V 


65;^ 


^7St 


24? 


2^67 


/(i.^ 


fOAt 


/& 


i^.Sh 


EJ.iJ 


^7.0 


^3.0t 


52 5 


*.«, 


6^fi^ 


Z7SV 


i*,*r 


F7.7J- 


^i.t 


/J.74 i 


t7 


«,4o 


^3.^? 


ZMi, 


^j;j 


Z4 5 


^^.3J 


«Sf 


Z7S7 


35.? 


2784 


77.7 


if .07 


IS 


n.t4 


ZiJio 


30.^ 


^7?0 


£6 1 


ft?.6^ 


a;;s9 


^.OS 


i^j 


^7.n 


143 


f/f40 


19 


^iS,m 


£i.J7 


tait9 


21 ZS 


I&Z7.S 


9^SS 


f£».5J 


iSiA 


ftJls 


moo 


ftuo 


>lt.73 


SO 


f8.9f 


/jyj 


Hfe 


ajj^ 


29.4 


3^.Zi 


tfl.J/ 


^tJl 


J3.^ 


£e.os 


^7.4 


i£oS 


21 


19,74. 


EJ.J-J 


J5J 


J34i 


ilO 


9J.S^ 


?Sff.Zl 


25 30 


34.i 


^ep& 


2V.Z 


17 M 


7t 


£0,W 


?^to 


je^ 


?>.5P 


327 


9i3l 


7ft>S 


09.39 


J6.f 


2P.2S 


JO 9 


i£.7f 


ZJ 


^/.4i 


tl.^ 


IB^.6 


?J.5» 


J4J 


S*.P3 


7I.90 


Z»47 


iSj 


Tg.^l 


1?? 


nj>4 1 


K4 


?T.JS 


2i.7S- 


4o2 


^(^ 


A^ 


»4S 


7^.iW 


^SK 


ns 


2»4/ 


J4./ 


nu 


25 


?1IC 


£3iJ 


4'^ 


£1.>J 


U& 


^.7J 


7/59 


^m 


4-5 


28.50 


J5^ 


fj.70 


a* 


IIH 


Z3.9/ 


^.6 


£J^i 


S9Z 


S'XOJ 


;vijz 


m72 


437 


?»sa 


J 74 


f4M 


27 


^*.w 


?3,9S 


4S,S 


ij.es 


4^S 


ftfJt 


7^.^ 


^S} 


44 S 


n^ 


?9.d 


fc.% 


?S 


2St4 


£4.fl* 


445 


^j.gifc 


4Z^ 


^(4 


76. fO 


2S^ 


444 


28 TT 


4*? 7 


mm 


29 


iZ6>-«S 


Sf,W 


ta«F 


2^0iS- 


J044>' 


9SM 


V7&,9^ 


tB.^7 


r;48J 


2fl,BJ 


/^4I.J 


tiS^.ot 


3j> 


?7^S 


^2( 


Sba 


^.n 


45.5 


s^zs 


77.79 


29 oe 


*».7 


^8,9/ 


^^ 


i^.U 


?< 


^9.A 


£4-.£9 


Si 9 


m.f9 


474 


H.SS 


fn.f^^ 


iS/* 


y(.4 


i?9» 


4^> 


fSA3 


J2 


^9.00 


24.^7 


^S 


»*.a7 


'49. 1 


96.U 


79A7 


S9n 


SJ./ 


29^ 


47 2 


t6.0i 


3J 


Mi«* 


^^A^F 


^^.^ 


ar.** 


Jct7 


?7/fi 


^o.3i 


Z9ji 


54.7 


^?,/4 


48^ 


f^M 


34 


30^ 


^S^ 


5*^ 


M.*? 


521 


5747 


Sf.iS 


ag.'W 


5t4 


JT^.^^ 


5CJ.? 


/&M 


35 


1 ^LSZ 


-396^ 


Jas 


^4.5* 


5^.0 


97/7 


g?/w 


39.4f 


^P 


^3/ 


ffaj 


}7^ol 


JG 


Ji.36 


2A£B 


6?.i 


^57 


sy.fc 


^,0? 


ffz.W 


29^7 


ja7 


£**I 


«.7 


t7M 


J7 


ir,zo 


S*.^ 


«/.8 


2*Gr 


T7i 


g(p.j* 


3^.^ 


£5.t5 


fc;3 


^,R> 


554 


i7 7i> 


as 


?+.ftJ 


^.9i 


63.S 


^,7i 


jy.9 


53 ?& 


ffA.fl 


5!3tW 


i^.O 


e^.SF 


J/^ 


m.oi 


J9 


i-J4.^ 


tfi.^l 


W4S-,^ 


i^do 


mo3 


^^ 


ssrjt 


Z9.*? 


n^4y 


i^.e7 


//5F.4 


7637 


40 


JK7J 


Z4,^ 


fees 


^ea 


Uft 


99^^ 


Ssz^ 


£*^/ 


US 


29.75 


to.J 


78.77 


4g 


36.^7 


rs.o7 


6S.S 


&^% 


its 


wi^ 


ff7jJJ- 


S0.O0 


S9:0 


29.V4 


fil.ff 


79.m 


At 


, 3:^4/ 


^5/5 


T&.t 


are* 


^A 


W9^ 


S7B9 


30.&8 


«9^ 


2S.M 


*J.5 


/9.JB 


4-J 


».w 


ZtM 


7f« 


iiSPZ 


£7,/ 


/Oa3D4 


SS.?f 


SffJ7 


7/ J 


JO.OI 


6S,r 


79 71 


44 


3909 


Z5.30 


7jf4 


^^.w 


^.7 


oo.^ 


9^Sg 


*^S" 


7J.O 


3fl09 


tt^ 


ao.ot 


45 


n^i 


^SJ9 


?ir/ 


?5,£7 


;*.* 


W.8& 


9J4Z 


i?.^ 


7S4^ 


3ej» 


6«-4 


Z0.40 


46 


40.77 


5S.46 


;«j 


er.is 


7^.0 


D/.Jff 


9;2t 


M4i 


-3 3 


3;o.s7 


TO J 


£4* 


47 


^I6f 


2S.S* 


^P-i 


as 4 J 


?^^ 


<3/49 


9£ fi} 


SoSi 


779 


3qU 


jiT 


2^.0* 


4» 


4L^f 


J5.« 


BO.I 


?5.J/ 


?X3 


O/.So 


^-% 


5t^«c? 


73^ 


UAA. 


7SJ 


ZK^l 


49 


f*3.E^ 


ZFJKJ 


^oer7 


iss^ 


iOTt'^ 


/OJ II 


S^3.?9 


Jo.fe^ 


mtt 


^.^t 


//TflTD 


^77 


Ti- 


44J3 


ZJTO 


FJ.-* 


2Sh^ 


?e.5 


0^4J 


94 t3 


Jo.77 


s?^ 


30 hi 


Ttf.fe 


2r.H 


5r 


^4 97 


^.ift 


e^t 


j?i.i^ 


m^ 


o^.7^ 


^5^ 4^7 


3(?,g4 


B4A 


Ifl.^9 


?BZ 


?2.4S 


SZ 


*rS3 


?5^K 


fftr 


siT^ 


^/9 


(5J0* 


96 3/ 


M9S^ 


*t7 


ito.7S 


798 


12 79 


5i 


4£.«4 


AJOt 


as/i 


JE5.90 


?J5 


0J17 


97J£. 


Af.oJ 


B79 


A».»7 


ti.s 


2f.t4. 


S4 


4730 


atjo 


*J.O 


Z^38 


BSJ 


0J49 


Sf^ff 


J/,K 


89 S 


J*K 


SJf 


2J.4I 


55 


4f M 


^J» 


5j7 


sbpi. 


B&.7 


CUQP 


9&.84 


n?l 


91 T 
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4«.04 


e*.4 


^t37 


Srz4tf 


SS.7S 


S0.O 


S4.^Z 


643 


77.94 


!■/ 


47, S^ 


4*.% 


ms 


4* if 


70J 


9lSo 


9^.4^- 


f5M 


S/.6 


f4.94 


44.S 


78.^c 


5S 


4|J? 


4*^? 


m^ 


4fl.24 


7/? 


?^23 


«.30 


SS.4^ 


93J 


549^ 


68./ 


fS7S 


JJ 


A9,l!4 


4*7fl 


t%s 


4«^.J7 


^^ 


5|?6r 


«flO./S 


SS.^ 


849 


55.07 


€9.7 


ff.Zi 


J-4 


S&.D8 


4t^ 


9ts 


4«tff 


749 


91.08 


croo 


5i.?2 


U^ 


ssts 


7f.J 


f9^7 


f5 


^£t,3i 


49.00 


«9t 


Jg.5^ 


>lt.ir 


^3. Si 


0/^5 


J5.f4 


nt 


5S}Q 


7?9 


ZOJZ 


J4 


Sf.Tf 


^9H 


9t>« 


4g.*9 


■79J 


93.94 


<J^.7t) 


SiSS 


993 


S^At 


3ft?t.J 


20.S8 


.J 7 


J?.t* 


4?,Z? 


92 4 


4* JO 


79f 


^,37 


OAfS 


5K.07 


9f.S 


5-J.S4 


L -»r,l VlV.Q*i\^ 


SJ.4S 


4* J* 


W/ 


4^*}! 


9f^ 


^fll^ 


\ 0440 


«.rt 


1^Z\ 5Vi^\ 77-7 \li^ 


\> 
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/ 


(6^ 


ir 


T 


E 


C 


M 


)^ 


Y 


T 


E 


C 


M 


X 


Y 





S£^F?5 


5^.5^ 


/594S 


JS.76 


T^T^ 


Bn9i> 


3f^/0 


&J.6J 


/65JL8 


"«7.9r 


(67J-^ 


2^0M, 


i 


e«.fO 


*.43 


^feS 


SS,BB 


eo.^ 


SS42 


57/^ 


6i^ 


95:4 


6i06 


7£8 


^^.e^, 


z 


-9*5f 


it.5f 


9B.f 


fS.99 


&23 


IIW 


J^^/ 


^f^ 


?^/ 


61 ;ff 


7£4 


S/3i 


1 


i»730 


^M 


Mf 


S6.ff 


B4.I 


lyn 


SSti, 


^J.O/ 


^B7 


(fijt 


BBO 


f/8A 


4 


^*J 


S^.7i 


/*o/.4 


S4 2i 


85 7 


Zi^ 


59.7 i 


^ij/d 


>70a4 


*J4J 


Sf6 


U3t 


J 


oy.So 


%.90 


iSJJ 


J«.^ 


37. r 


Z4.£fc 


, 6i^5<S 


&411 


O^.O 


6j.5y 


Q}.z 


5^10 


i. 


to.W 


SfOt 


^i*.7 


SB4^ 


tB.^ 


247^ 


6/4/ 


£4 J9 


03 7 


6?.tg 


mj 


fJZ9 


7 


//,?(? 


S^TJ* 


l?64 


S&.ss 


»J 


e5:./ff 


^z.n 


*4.W 


05 1 


£^.ao 


S^J 


fJ.Ti 


« 


/^ja- 


jr/*& 


Ofl.O 


J¥,W 


*J,/ 


£5,65 


Uiz 


64.6^ 


070 


4iM 


*7f 


54 27 


9 


;z-3c 


s?:n 


ofi.7 


jy.ff 


91,7 


^:u 


6J.^7 


fi4 77 


o&.fe 


^4.0^ 


89^ 


J4,7» 


/& 


Hii^i- 


S7S^ 


/6^^J 


J*.9J 


JJ19J;3 


^2^5 7 


064^2 


iA'iO 


^7-^0.3 


64.^7 ' 


;^9y./ 


zyjw 


U 


r4.ttJ 


i^7U 


>J^ 


i-^o* 


9S^ 


2 7 04 


tSr.tfl 


65.ffi 


//.? 


^4^^ 


9?7 


55.7^ 


It 


/j:4f 


S7,t4 


/4A 


^;rS 


9^y 


S^.fif 


«.5J 


65.^5 


>J.6 


644? 


94J 


i^f^* 


fS 


J*.?o 


J"^te 


f^J 


l«<!D.' 


^797 


^^3!^ 


65:^s 


/j:z 


^.55 


95.9 


J6.73 


i4 


'7'*- 


s^m 


n.3 


-f740 


01,7 


^Sf^i 


*^.23 


6 5.4 J 


/6.^ 


^4^7 


^7J 


57^J 


ts 


/fltw 


Mfo 


Hh 


57J/ 


*J.5 


^a.-ja 


*?.^ 


^J^4 


>S.5 


64 Si? 


99/ 


S772 


t^ 


/^.fJ 


Sfi2 


S.f.7 


j;^6J 


fi^.9 


£f.3? 


65.9* 


65.67 


^ff.r 


64, 9? 


1700:7 


SB,ti 


f^ 


^Tiff 


^.u 


Zi3 


ST, -75 


(J* .5 


i^BJ 


1 7i^.7^ 


^F,75 


2^.9 


65.fiS 


&Z^ 


SB.7i 


fB 


ao5^ 


SMM 


AIL5 


S7.S7 


^,f 


Jpjo 


7/.S4 


65.9e 


2jr 


6f./7 


oS3 


S^.IO 


t9 


a/.** 


s^sg 


U.t 


S7i$^ 


o*,7 


jovr 


7F.53 


66,05 


z%\ 


65-.^ 


^SA 


S^7if 


to 


911.2S 


s&.^ 


fG2.73 


^JO 


p£n.3 


£1/.24 


t/y.jr 


6t.W 


(7^6j8 


^£4Z 


t7o7i> 


^6i>jO 


tl 


M.iO 


JR92 


29.5 


S8.21 


t2.^ 


Jr7/ 


74*0 


66.3/ 


Zft^ 


65.J:f 


o8b 


^69 


£E 


Zi.^ 


s&n 


3fJ 


55.34 


H5 


j?.ie 


7^0/ 


66.44 


i£^0 


Gi;b7 


W:t 


6^/9 


£) 


**.Bto 


f9.Gk 


m 


5F4t 


t€l 


i^.65 


7*:5i 


£656 


3/7 


65,a? 


flS 


6/.6^ 


St. 


2f.6^ 


S9J& 


14 d 


Jlf.J-i^ 


izr 


JJ.IZ 


:TS.7,f 


66.69 


1J.5 


6^9? 


fSA 


^J.|9 


ts 


^^i 


i9il 


Jfr.; 


J^.Tto 


i9.1 


iJ.5V 


7^6f 


66.?^ 


jro 


66.05 


f^.o 


6^.69 


i4 


?^^ 


S94i 


^^7 


51?- BE 


ta9 


M.W 


7&4y 


66 3^ 


36,fe 


a.^» 


/6.^ 


AJ,/fl 


17 


2^2/ 


S3,5J 


J9-4 




?Z,S 


34. ?J 


79. n 


67.i73 


Jftf 


U.ii> 


/3.Z 


*J69 


Z» 


29.04 


^.47 


4iO 


«-./ 


35i5o 


Bom 


67.ZJ 


Jft? 


66.4J 


^9.S 


64(9 


/? 


^9^^ 


S^79 


At.J 


J3l.f7 


257 


3J4S 


SlGZ 


67 ?d 


4/6 


6fr.^ 


£/J 


6^.fig 


3o 


*JO.T* 


S^.$f 


}hS.4i 


mz*j 


Jt273 


zi^ys 


geLfs 


67.47 


1742 7. 


£6.6? 


f7r^^ 


26SJ9 


3i 


J^tl 


^OA 


46p 


5-9,^^ 


iS/i 


?6.-»2 


ff27i 


^7A0 


44rf 


^,gf 


24.5 


6?. 69 


3i 


J£,% 


^.f€ 


47.6 


59.^3 


30. f 


^.5(0 


31^ 


67.7J 


4^J 


66 94 


26. ( 


66/9 


JI 


ai.jf 


£o,ef 


4^J 


S?,^^ 


Uj 


57 J 7 


S444 


67.96 


4g?.£ 


67 07 


27J 


6t.£^ 


34 


J4.^ 


60,afl 


ii?^ 


nrj 


357 


37^ 


ef.£9 


6799 


49.3 


67 f 9 


Z9.i 


h7i9 


iS- 


ij.oi 


^5? 


S^.6 


JS.S9 


Jf.l 


^^t 


efrJ4 


U.\7^ 


J?/ 5 


6m 


Sc9 


677& 


M 


aF.f7 


^.U 


SA-Z 


fcA.0^ 


JO 


JS.to 


B70& 


fifths 


517 


6745 


J^S 


6#.^* 


if 


36 .7f 


m^n 


5jji 


$c.\t 


JStS^ 


»Z7 


97.fff 


60,1^ 


54 a 


67. J 7 


J4P 


6ff,7/ 


Jt 


37J7 


^.S9 


^.S 


i^.i§ 


^^JJ 


JSTT 


BS.7tf 


6^r/ 


564 


6770 


35.7 


«Z/ 


1» 


JS,4£ 


U<ft 


S9^t 


to.^ 


4/. 7 


4*B 


^.^6 


60 t^ 


J»./ 


67ffJ 


i7£ 


69.7/ 


4^ 


BS9Z7 


^i.i4 


/£ACB 


itf.?<J 


:^7J 


24£^.W 


F9t).4/ 


6«.77 


t7F9.7 


b7»« 


J7J8.? 


£70.2^ 


4/ 


a<i.it 


6t.ie, 


«.J 


*i?^£ 


449 


4;./9 


9A76 


60.9/ 


6/1 


e?c« 


4a4 


W.7J 


^*t 


4^.97 


6tJ9 


€4A 


to. 74 


4«5 


4^f(« 


9J.(£ 


A9o4 


6JO 


63.£i 


4£0 


7/? J 


43 


4/.^ 


t/.rr 


t5J 


^flfr 


**/ 


4i.M 


92,97 


6^17 


64^ 


65- J4 


4/.6 


7/74 


44 


4f.C» 


fe^€4 


t;?^ 


e£^9e 


^9.7 


4?.6£ 


9i.ffJ 


^5. JO 


6*. 3 


6F.47 


45 ? 


7/.25 


4* 


41,51 


6/7^ 


^^ 


6y,m 


J/. 3 


4J.10 


Ptf.^ 


fr^^J 


679 


6g.60 


4«.g 


^^7t 


46 


44,3S 


£/.9B 


74J.7 


6I,1Z 


U.3 


^i 59 


9J.5i 


*?.5fi 


696 


*ff.7J 


4ff.-» 


7y,zt 


47 


^i:zi3 


6Z.i>r 


7Z4 


«/.» 


J*ff 


44.(* 


9k39 


6? 69 


7/.2 


69. te 


49.9 


^i,l7 


4« 


4^.oe 


6Z.S 


74.* 


t(,4f 


^«.l 


44 5* 


^7.24 


6fl!SJ 


7J9 


6B99 


^/S 


7*78 


49 


4*.9| 


#^.?& 


7^7 


«t.59 


57^ 


4^0J 


*S.09 


6?,96 


74.5 


*9 /* 


£3 J 


74 n 


J& 


Si7.7g 


«r.li 


yt77J 


*L7/ 


*t5#JL 


2+J.rj 


*9e5r 


7bM 


1776.^ 


69.ft* 


f7J4.7 


I7i:je 


JI 


4E.44 


ea.^' 


7*e 


a&j 


f&.f 


^5; 99 


9390 


TO.ft. 


77* 


69. J 7 


«.| 


TTSP 


5« 


^,*5 


6f 6J 


FD,*- 


^3S 


«f.4 


4*45 


9<W6F 


>Jt 


79s 


t9.5S0 


579 


7*.JI 


Ji 


/^fljil 


(^z.m 


S?J 


il.CS 


6 40 


^.9i 


01 f/ 


;t43 


9f i 


69.6 J 


y*.^' 


TK.g* 


54 


^/. if 


i^M 


?35 


61.Z0 


Ayt 


*7,« 


0f,3< 


;»M 


83 S 


69.)V 


tiD 


77 JS 


;; 


^JtJt^ 


6J.ot 


fel.l? 


67. i 


47 9J 


oj.Ii 


^,7/ 


f4 4 


6459 


6^.6 


7;?«t 


s« 


SiS9 


6ifi 


97 Z 


£z.4A 


609 


^.41 


04.07 


^.19 


Sfio 


MM 


64. Z 


7B.J7 


J? 


35.7/ 


UZ^ 


9f.? 


€i^ 


.■'M 


4e.VP 


M9I2 


7/.02 


S77 


T^.fS 


tr.J 


^P9 


Ji 


54.^ 


«l3ff 


*is- 


<trs9 


72 O 


4?.JS 


05.7» 


7hfS 


IS,1 


^29 


67.4 


;t*^ 


JS 


^/.^ 


j6i,iy_ 


-asJ^ 


J^V 


7J*_ 


4*.f7 


0£.61 


^'t^, 


9y.O 


^4t 


^0 


^.t/ 
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[8° 


19^ 


f 


T 


B 


c 


M 


Y 


Y 


T 


E 


^ 


M 


X 


Y 


9fiZ<t9. 


7tA2 


i79l& 


70S4 


njoi^ 


?S04i 


5^031 


7967 


^fi9(J 


T^Sff 


;^^f4 


jn.i^ 





es.}^ 


7/Sf 


941 


.1^6? 


lit 


S0.94 


5^.A7 


79 S/ 


910 


787i 


t7o 


n.7c 




09.20 


7/.fi9 


sr? 


^Btf 


7/./ 


9; 4* 


ftJ.^J 


799S 


94,t 


J^S^ 


**f 


n.z% 




iO,0S 


7/31 


5/* 


7iijfJ 


J^,' 


fl/.9g 


^ij^ 


mo 


fle J 


TV 99 


roj 


fS.79 




ia9it 


7/9^ 


?5*2 


7/0& 


a? 45 


^f 2* 


^tA 


97? : 


7!?./? 


717 


I4.3i 




t/.76 


?im 


FgOO.^ 


?5^/^ 


Tff.S 


SJ^^ 


^^7J 


Bois 


?*f 


^.?7 


7/ J 


f438 




tiAf 


72 J\ 


0£^5 


//J* 


?flV 


3}Ji 


*i% 


Sn^z 


/^^/ £ 


71? rf/ 


74ff 


i5A2 




fl47 


^.% 


a 4.^ 


/^^ 


fll7 


ff40S 


*4?^ 


SO.^ 


^# 


7^54 


7*>if 


issr 


7 


m^ 


7^.43 


C5M 


7/^? 


Sj.e 


0*57 


6F.67 


mti 


04 5 


;^*p 


TlffO 


/6T/ 


9 


is.m 


;^,6J 


i>7.4 


7/7^ 


MB 


3J.<W 


6^.5? 


gft^S 


C7«J 


7^.8? 


7i?£ 


*?.ol. 


* 


Wic3 


7ZM 


IS09.f 


T^Ff 


F7^.4 


^efTfio 


967 J? 


wm 


i^07S 


^996 


/^/./ 


VT.B} 


/o 


i^.m 


7^9o 


to:? 


7/ 9a 


55P 


36 fZ 


68^4 


PAZ 5 


09A 


BCro 


FJ7 


/g.\6 


/^ 


*7J4 


7J.(^5 


nA 


7/Jl 


89. t 


06*4 


69/0 


f^Ut 


u-i 


PO.14 


W3 


m7o 


/2 


/S,6G 


7SJ7 


/*,* 


7^75 


9J.7 


^7/^ 


t9.% 


U^2 


/2.7 


i0.5£ 


8?.4 


\f,2S 


/J 


/9.^ 


PI.30 


tS.7 


7/,5t 


Slf.7 


J76? 


TPSf 


Bf^ 


'#J 


F7^ 


i980 


fi 


ro3/ 


7JM 


(71 


7/,Jr 


5^3 


aezj 


lfA7 


BLBi 


i&(? 


^.ti 


a^.o 


*^3J 


}5 


Z/.At 


^^8 


f9.0 


7£.W 


95:? 


^.7J[ 


iZSi 


SK9S 


/7t 


m^ 


90^ 


1690 


i6 


Ztoi 


n.7i 


£Oj& 


7^JS 


9?y 


^Z5 


7J.W 


??,09 


f%l 


BO^S 


9Z.t 


ZiAT 


n 


^S7 


rsMs 


22 1 


7?.W 


?9,/ 


?Jf:^7 


74M 


asj^ 


ao,5 


St 07 


93,7 


2200 


/» 


2173 


7J.98 ! 


ZJ9 


7^M 


JgOt>^ 


S^?3fi 


IF JO 


«,jf 


zi.e 


8hZt 


95:j 


2zfi^ 


/» 


324,59 


74 J ^ 


102 ?.t 


71^7 


JBoz.^ 


X30,?2 


97S.H 


sio 


/924.£ 


u^^ 


IS96.^ 


3ZiJ0 


7<?; 


^M 


V.Z6 


s^e 


r?.^/ 


ifJ.B 


9/.K 


TG^i 


^.^ 


/sifi 


?f43 


9B.5 


ZU^ 


il 


H2^ 


7fJ9 


£f,J? 


714^ 


OSA 


9/^7 


77 W 


BiSt 


17S 


?/(5 


iSoo.o 


a*.i( 


74 


27 '5 


7!f.S3 


Joy 


7^S7 


07,0 


3^40 


nsi 


Sz.H 


29J 


0/77 


oi.e 


14.7^ 


^i 


HfJiO 


74^7 


3Z.t 


nio 


03& 


af.5j 


7939 


SlfO 


3ilg 


9^9/ 


ej.j 


ISM 


^^ 


2?« 


74 MO 


n§ 


^.F4 


foj 


9?.4f 


M24 


9m ' 


53.4 


0;g 


W.7 


?S^27 


Z¥ 


Z97i 


7S^6 


3S.4 


7J.y7 


ft. 7 


9198 


^}. io 


»JI9 


74 J 


Ofi,l 


26, 4l 


if, 


io^r 


?F.eE 


377 


74.U 


tfl 


1 *f.?i> 


srw 


af4 


3J.7 


dt.n 


079 


^.9S 


Z7 


3/A7. 


mit 


M7 


MM 


/4.? 


3J.e? 


fir** 


5jI*S 


37 J 


B?A8 


4>ft^ 


27SI 


zt 


Ji?.« 


»;ay 


40.4 


n.17 


as 


9J.S6 


S36» 


Fj.a? 


J9C1 


Sf/6? 


ILo 


nm 


Z9 


mjs 


7f.4^ 


IS41fi 


7^^i 


\i8fS.O- 


^9C05 


^^^3 


SJ.97 


^frfot 


&771C 


^12.6 


IfBM 


SO 


31^9 


7^.U 


4J,t 


7W6+ 


tfX 


ft.ti 


95:53 


»^J? 


4^3 


F?9*) 


J4£ 


29,20 


11 


J*.M 


n.7€. 


iJ?:^ 


:W77 


tit 


^7/5- 


ff7// 


^.Zfc 


43 9 


&J.04 


/ry 


£9.7* 


5£ 


JF.TO 


7j:w 


4(^f^ 


W9/ 


22 S 


97fcff 


fi4.^l 


4S(, 


S3./9 


/;^? 


90. ?i 


li 


J*.5^ 


urn 


43.^ 


7J:(J4 


MA 


^z; 


579/ 


84. n- 


47^ 


F/.l^ 


^*,^ 


30,87 


34- 


37.41 


TiAS 


SiiZ 


^/s 


i5:9 


9s.n 


88 32 


54.:* 


^S8 


aj.47 


2C.5 


Jf.4^ 


3S 


jffl.27 


7S.32 


¥19 


75ii 


Z7f 


?9,^7 


^&8 


3-J.s? 


50.? 


ici.cr 


22P 


S/.99 


J4 


39. ri 


a£j*J 


5?,S 


7f.4r 


29./ 


-^^ 


5b. S4 


S4.99 


5^./ 


^J.7f 


f J& 


9i,9S 


J7 


J»9ff 


;e,59 


S^.Z 


7J^JB 


?o,7 


leo.^i 


sue 


3X14 


^18 


?y.F9 


;y.? 


Ji-tt 


JF 


*J.W 


^.7i 


S^S 


7S:7-? 


n.J 


&j.^ 


M.?t 


ar,?s 


5^4 


P+.oi 


46.7 


?147 


39 


^^« 


;*a7 


mSB4 


7J:»5 


JSHS 


J0I.4O 


99372 


SsAi 


/?/h7/ 


»<!./» 


!9^S.? 


IJ4.23 


40 


41.SS 


77.ai 


60* 


^ff9 


JS^ 


D/.9J 


«.f7 


9S.^8 


^sy 


d?.j2 


£9,9 


34,79 


41 


4j.4<J 


77J5 


6/7 


7t\t 


370 


(?^.47 


WS3 


%S.7l 


60.3 


B44^ 


3M 


?riJ 


^t 


44 Z6 


77M 


«J^ 


4f.^3t 


JH^ 


«0a 


?:F.« 


ns.vT 


6^.0 


S4.«o 


^Jo 


i^.9Z 


41 


i*r,;i 


77AI 


«^o 


?ir.J5? 


40.i 


flj.r^ 


96 if^ 


26.0Z 


6j.e 


^.7J 


J46 


^.49 


44 


4197 


77^7 


fit. 7 


*FJ 


4^7 


M£t7 


*7,4^ 


at '7 


«;f? 


e4.ff9 


>*.; 


37m 


4^ 


4^i 


7170 


t?,^ 


J*L44 


4J.3 


04M 
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305.41 


£4.0 


ZS.7/ 


2SJ3 


IV6 


if£j 


J2./? 


39 


t57/o 


, ^yy.4f 


3^30.2 


aji.9s 


W?i4 


BO/. 30 


J4^45 


JlS^^t 


J/it* 


znn 


m7.9 


55J.i>f 


40 


7m 


• /^7£ 


3J,P 


*f./7 


2J,» 


OZJS 


aj.» 


Z42I 


7P.^ 


i7Mf 


m^ 


fj.« 


4/ 


72 8 


/Jffi 


314 


«,?? 


^5^2 


tf.uo 


£6l7 


26.15 


^18 


t7V4 


fO.f 


54. fo 


41 


;9.7 


/E7» 


35:^ 


iwfil 


atT 


019S 


77fi 


U:7e 


3^.4 


i«.07 


iix 


J5£^ 


4? 


*6 


/£.4! 


J4.? tf4,a^ 


^^J 


0A7& 


ZB5 


li94 


iio 


ffio 


13^ 


^6.55 


44 


7S^ 


/e*./ 


MfJ ; OJot 


?9f 


ff5,SS 


29 4 


77.19 


IJHb 


tB.^ 


fs:o 


Jh^4J 


45 


7^* 


«^ 


A? 


iJJ.«« 


J/O 


&6.'*0 


Jo. 5 


1744 


UZ 


/».73- 


f6^ 


/£3/ 


4£ 


??J 


^iJ4 


4J.S 


*?£fi^ 


?^^ 


0726 


it. a 


27 68 


3rs 


fi.3S 


773 


J9.Pg 


4/ 


?».1E 


'J J* 


4U 


0^.7^ 


iijs 


OS it 


J7 1 


77.93 


*a4 


f9,tt 


/StJ 


bo.ot. 


4S 


79 J 


/Jjtl 


44.7 


fliw 


u,^ 


oa% 


Jlc 


^9.tS 


4f.o 


^44 


20.7 


6c94 


49 


/Jftna 


t^iJIt 


:]cy96j 


?o6./6 


n^hl 


?59^ 


»3?.^ 


£igA2 


i/«.6 


ZIS.67 


3ff77.r 


mu 


5<?! 


fftt.S 


/4rt? 


-a^9 


«|9 


iB.r 


fo.t,7 


34S 


7^67 


44 Z 


i^.iPi 


7^5 


61 7£? 


5^r 


?r» 


i4M 


fl^,5 


i}«^6/ 


/ae 


fl.5^ 


.li7 


28. 9J 


45.S 


iojz 


24f^ 


^J.^ff 


52 


SJT 


m57 


5U 


<»B1 


4ra 


/7 3S 


ae* 


2?i7 


47# 


aoar 


l«4 


£44* 


5J 


fj.6 


f^sf 


511 


^105 


47* 


^374 


jj-.f 


?9.4r 


49 P 


&>.Sf 


t.n 


65 34 


PF 


W.s 


fSP^ 


ThII 


mi 


4 IS 


^*.P9 


384 


29e* 


fifj6 


2CSI 


^,7 


UZt 


55 


8S.J 


tS^ 


SJ[9 


07^ 


4J3 


i*'?^ 


30 9 


;?a5J 


i2^ 


?j^ 


30t 


&7je 


516 


*.3 


fSM 


5/5 


07.73 


^^.7 


f^$f 


40 Z 


3fli6 


SIS 


J 1.77 


320 


679* 


57 


?r^ 


^577 


S^.Z 


fl7^ 


4|J 


^.*7 


i»^^ 


A? 40 


554 


7^.£o 


3f4 


fiF.e7 


5h? 


SB.r 


/6.<?/ 


t^S 


^.y* 


iM 


/7,5f 


4tfi 


JftfeSj 


57.P 


21. 7? 


34? 


6?.7i- 


5^1 



TABLE II.— FUNCTIONS OF A ONK-DKCIREE CURVE 
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36* 


3r 


T 


E 


c 


M 


X 


Y 


T 


E 


c 


M 


X 


Y 


o 


/efci.7 


Z'i4JS^ 


?^4/J 


iffiJ43 


?3fr7S 


JE>^7' 


I5I7J 


J/2 2^ 


M/t7 


^g6o9 


544PZ 


Hr3,7 


t 


6^* 


9^.i4 


427? 


PW? 


69 ^ 


9S2 


f^.o 


/^5£ 


77.7 


%J5 


4*? 


J4S 


2. 


6i5 


9J4J 


44.3 


*.^4 


7»^ 


96/Z 


we 


/7,Bi 


19 J 


9S.6Z 


5^9 


55 & 


J 


*^,4 


^^7? 


45-3 


ff/.jo 


7/S 


?7Z 


/ft* 


i3./o 


4^.9 


%S1? 


52 Z 


5*S 


A 


tj:* 


*o<. 


47 f 


0A4« 


71. Z 


^,X 


io.S 


/J.4fl 


4^4 


?7l5 


5JS 


57 8 


t 


H.3 


%^ 


4f.o 


sr^^ 


74.5 


n^ 


Z^ 7 


7J.M 


^4.^ 


^74/ 


54.g 


50^ 


i> 


i71^ 


9^S7 


Spi. 


*/.9» 


^J'* 


/lffl).Z 


S^T 


/J.9# 


4^.^ 


37 6S 


56.f 


>*.S 


7 


*a/ 


%.^^ 


St^ 


Sf.?? 


772 


£SJ.l 


£Jfe 


*.Z» 


4U 


5/ 9 J 


^75- 


60.S 


8 


**^ 


97^ 


S±B 


Si.^ 


7fl.6 


ci.r 


3*5 


/4.519 


■43.7 


^2/ 


Sff.8 


6/9 


9 


;*?£? 


97.*i 


SS,4 


9/7S 


/:S.9 


^J.p 


^s 


/4»7 


S0.} 


9&.47 


&>.t 


«es 


Jo 


«7£>? 


^i.n 


ISSZO 


^i.Cf 


339 a 


//^4; 


i^UA 


j:f.*7 


56^57^ 


2^SJfe? 


344/.S 


J^^jrff 


it 


7/S 


9^,0° 


0£ 


sn7 


S^.G 


05i 


m 


/J47 


Sd5 


99^ 


ii.e 


^.ff 


i7- 


7J,? 


?*^9 


^J 


SJH3 


S40 


Oh J 


2S2 


/j:^ 


IS.t 


39.? 7 


64 f 


^^.E 


n 


-^7 


9f?7 


&;7 


B379 


85J 


07.0 


m.^ 


y^.oA 


J64 


^.5i 


ts.? 


6^B 


i4^ 


W6 


^SSt 


t3 3 


U.05 


8t7 


oe.o 


39 i 


/^Ji 


JJ.? 


99. fO 


«*.P 


¥7.E 


iS 


7^S^ 


njs 


^^.9 


mv 


SSo 


09 


ILO 


^6,6^ 


J^S 


3£W.d7 


60 i 


Sd£ 


/& 


«4 


39AA 


^6.5 


^.V 


8?, J 


fo<? 


S^P 


AS.95 


<5^.4 


'fe.IJ 


^4 


69. g 


i7 


774 


97 7| 


£07 


84Bi 


^.7 


ifo 


J29 


/724 


££5 


^^ 


7e>.a 


WJ^ 


m 


?^ir? 


|Cf[?.<J/ 


^.6 


SSCS 


*JP 


i£p 


JJP 


/7^ 


645 


0*.S7 


r^f 


rr5 


ff 


^.^ 


flp.JO 


nz 


S^M 


?J4 


no 


J4.7 


/7.f4 


es./ 


otn 


7i,4 


7Z.9 


?0 


;»^/ 


5W.J9 


J57^« 


z?jr,W 


Jl3«*7 


iftiJ^ 


^9JJ.7 


?^^/? 


^47.7 


•^£^.40 


347^7 


li-73.$ 


tt 


Bi.^ 


0CS7 


7V4 


f^.9f> 


9fi./ 


/49 


J«6 


/«4^ 


6?? 


iV.67 


7j&y 


74 9 


zz 


SZQ 


<flfb 


?^.^ 


S6.J^ 


974 


/j:* 


j;?^ 


^.73 


^J 


£M9J 


774 


7j:9 


23 


a?,9 


ot4S 


77£ 


8t.3f 


m 


/*.? 


iB5 


19 e^ 


7^!* 


<?Z7* 


/B.7 


^.5 


24 


*/.0 


Oi,1V 


79 J 


Bt.^ 


iQo^i 


^79 


594 


i9ii: 


7*.4^ 


Qi47 


30J 


779 


ZJ 


»#7 


oijai 


S0.7 


fit.^t^ 


014 


^ff9 


4^5 


f9^ 


IS^ 


^.7i 


nl4 


^9 


2& 


^S7 


t^M 


n^ 


e776 


«B 


f^.q 


4/5 


f93t 


77£ 


0109 


Bt7 


a?.£> 


^7 


Sk^ 


otic 


Sj? 


SZ4r 


o^i 


i»9 


42.2 


2o.il 


7^.7 


^i.l7 


B4P 


l?i,0 


79 


9TS 


0t.&9 


fi^f 


F7« 


CU 


2a9 


4J./ 


tASl 


SVJ.J 


(H.S4 


2S3 


Bft> 


Z* 


W4 


^oi.m 


S7.i 


*7sy- 


06jf 


?I» 


44.0 


te.Bi 


FJ?? 


CJjfSa 


S^.7 


F3,P 


;?o 


;&F94 


3oi4? 


3Bm^ 


f 90.21 


i4pBJ 


^le?^ 


«*J,0 


JZtf/ 


36 A/5 


304.07 


14S9.0 


/^e4.D 


J( 


9iKr 


0|.7* 


901 


S»47 


ins 


Z4W 


4f.9 


2/41 


g5:o 


^J4 


39,3 


^J-^P 


3Z 


9f.Z 


IML^^ 


9lB 


0e,73 


fe.S 


25 S 


465 


ZJ,7/ 


a;^ 


0461 


^^ 


BfiiJ 


?J 


9t?.l 


iJA34 


334 


t?.W 


f2.i 


2t.« 


477 


£2.0/ 


£^J 


C4.BB 


9£0 


57/ 


34 


?J7 


o4.« 


9r.& 


OT.ZS 


lii 


Z7S 


4S7 


7?.3/ 


^.g 


^f.(4 


9i.i 


ffa/ 


3S 


3*.^ 


BJ^.^l 


9it 


S9T/ 


i4.9 


ZgJ 


45.t 


n.bi 


3J.4 


i7y.4J 


?46 


^^./ 


J& 


5M^ 


OS.^J 


9S} 


^7/ 


ii.z 


2^J 


£4.^ 


i2.3i 


ff^.^ 


O:ffr0 


^J? 


?^-7 


J7 


ifirft 


{i^Se 


9V.7 


g^ijjx* 


f7S 


io.« 


J'*, y 


112\ 


94$ 


flj.er 


^^i- 


57.7 


3W 


9*7 


ts7f 


3^tJ 


9e3ff 


t$l 


>» 


JJ.4 


21M 


9t.' 


^fltiZ 


986 


9if 


J9 


97.7 


^fig 


^.9 


9ft S£ 


20.2 


J7^ 


Si.l> 


?3.>( 


977 


0£^9 


999 


9i.t 


4^ 


/e9*.6 


J0^i7 


3604.^ 


ZSie,m 


34^15 


/^JJS 


F454 3 


324. ( f 


36^*3 


J(*6.7< 


5gO/.2 


/7f4^ 


^f 


59. f 


oihi 


0*.0 


^(.c» 


^^s 


54 U 


55.2 


M.4i 


??)3^» 


0703 


^5 


35^7 


A1 


/^ttoJ 


o6.« 


^7.6 


9tJ^ 


24 Z 


3VS 


j^frl 


247/ 


O?.** 


0729 


OJ^ 


9£.? 


4J 


Dj.tf 


'J7£5 


fl«J 


4/«f 


^5$ 


3t9 


J^P 


eru/ 


04.0 


075t 


OSZ 


97 Z 


44 


Otl 


07. S4 


/fl,* 


9Jf.f7 


Z6 9 


3^7 


5po 


2S.^I 


0^6^ 


07.§| 


fl65 


as.3 


4J 


*?.^ 


07U 


/^.4 


W.P3 


2f.t 


J».7 


i^B^ 


Z5.t/ 


OH 


oBfo 


i>7S 


9*F 


46 


04. f 


Q9.\Z 


/J.* 


3^,40 


2^5 


3R7 


59 f 


2%V 


&SJ 


Ogi7 


0^,/ 


tio&.-3 


47 


W,; 


of.ai 


/J-f 


9a^J&fr 


U.3 


4fl.7 


6^g 


U.V 


fen 


08 64 


^44 


Of. J 


4$ 


0(0 


OflTO 


i?.l 


ae.K 


J7,l 


4r7 


tl.7 


26, iZ 


/(.9 


i*?/ 


/t-7 


M.y 


49 


M.9 


ff^ito 


18,7 


Ii79 


JfJ 


4*. 7 


^...6 


afi.K 


134 


D^./S 


f^J 


^L4 

f 


f* 


1^7-9 


3c?9Z<j 


;«2CJ 


HA4i^ 


J* 34.? 


//4J7 


/9£J.& 


^z7/z 


J7/S.G 


^0^,4? 


JF/44 


^/ 


09M 


05.51 


21.9 


9J.?/ 


Ut 


J47 


£4.^ 


2^*Z 


f6(= 


fl9,7? 


/J, 7 


05 4 


5^^ 


f>9.7 


f»B7 


XH 


n9» 


i7.% 


4^.7 


*14 


2^7? 


f%l 


09.99 


fro 


06,4- 


FJ 


/^,i 


Jo tr 


ZV0 


9*X4 


519 


4ii,7 


b£.4 


ese^ 


79.7 


>fl7fc 


iffi 


07.4 


5^ 


fU 


tQM 


tS,fi 


W.Si 


4er 


^^7 


t7.J 


19^3 


2\1 


/pD 


/9.i. 


0'9.\ 


TjT 


«.r 


/fl.Tj 


^a 


*-*77 


4/. 5 


*t7 


*#.2 


28*3 


Z?'? 


A?*? 


tio 


a9.S 


Jfi 


f3.4 


f^.of 


2fl 


9f63 


4?,^ 


4t7 


t».l 


2S.qJ 


7^4S 


//.07 


?Z3 


to\ 


J7 


is. J 


W.34 


J 1.3 


^5,«9 


*tA 


j^7 


7H![ 


£f.M 


Zi.1 


;/.J5 


Zi6 


tf.^ 


S» 


^*:3 


/^.tJ 


3?,9 


9r.» 


4JJ^ 


St 7 


7/.*? 


?9F* 


?7& 


/'^J 


£43 


tz.^ 


.^f^ 


/fc^ 


^/.4J 


34S 


l».Si 


4<9 


5?7 


7/.9 


29 S4 


29.? 


//.S^ 


„26? 


^/li. 



TABLE II.— FUNCTIONS OF A ONE-DEGREE CURVE 
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JS*^ 


1 


59'' 


/ 




T 


B 


c 


M 


>c 


Y 


T 


E 


c 


M 


X 


Y 




1^7^:1 


y^.;5 


?7A?.a 


Bi£.r6 


J5"i?75 


iit4.6> 


£0*9.0 


34».fe4 


w^st 


3^S^4 


3*^J-tf 


J27fi9 


i? 




73.$. 


ScAs; 


J^,4 


^?.^3 


?9.8 


iS.7 


:2?.? 


4a,55 


^a 


^9 9^ 


67i 


779 


t 




7)1.7 


3Q7S 


IJf 


/z,7b 


JO.f 


*7 


3fi.9 


49.^7 


^s'J 


mo 


^.4 


79,& 


2 




^7 


3;o& 


liir 


ft97 


3/.r 


/7.7 


3^» 


^5f 


Z9.9 


t9.4S 


09 7 


B&a 


3 




76. & 


3Aife 


i7l 


fizi 


1^8 


'R7 


5^T 


4«B^ 


3/. 5 


if.n 


*fo 


W/.f 


4 




7 IS 


J^.t7 


3f.7 


/J.52 


S*f 


/?.* 


JJL7 


ja^.z' 


JJO 


Jooi 


«.3 


F2./ 


J 




79S 


Sf97 


4fl.i 


/T.79 


^SA 


^S 


3116 


5».S? 


346 


3B.3i 


i^.i 


fe.i 


£ 




nA 


JtZ7 


4*^ 


MOt 


^J 


2/.S 


355 


J8^W 


J^i: 


30S^ 


/4.ff 


S4'i 


7 




B<f3 


*?5S 


4J.4 


MJ/ 


MO 


22.» 


3t5 


SffS 


3:?e, 


30^t7 


^7 


Sj.J 


» 




Hi 


Jt?B« 


A^Q 


Mt/ 


5#,^ 


?19 


JZ*? 


5/47 


Ss 


3tJS 


/7^ 


gtf.l 


9 




m^^z 


Jli.n 


i74(.S 


j/4*a 


JJ-ftJ.ft 


/^249 


^(JJi* 


?5y.7J 


33403 


JU43 


36/^7 


/2«74 


/^ 




91 i 


3^.m 


43 J 


/j;/j 


4^^ 


a59 


Jl? 


iJ.JO 


4t3 


$K7/ 


iefl 


55.4 


f/ 




tii 


ilM 


4^.7 


^J^^/ 


4J3 


E?o 


40.2 


5^.4/ 


440 


3y,95 


£^3 


05. J 


/I. 




ff.fi 


J4^? 


J 13 


/^70 , 


446 


£S.o 


4(? 


^.7? 


*S.6 


3t.l7 


2? 6 


W5 


fi 




9S^ 


1441 


Sl.'i 


/J.*7 


4J:9 


Z'^.o 


4/ J 


5J.i>4 


412 


Jrs5 


23.9 


11*, 


i4 




8i3 


M.7£ 


f4.4 


/624 


47? 


it^J 


43,1 


5J36 


4S.7 


JE",fl* 


25? 


V 




ns 


ISM 


J6.<J 


*.j^/ 


4a S 


ii.i 


4jjti 


5J67 


JiJ.3 


3f.H 


£^f 


^i.7 


H^ 




W7 


nn 


Jf76 


^7S 


49 ^ 


m 


44> 


5^?» 


5/.9 


31.3? 


2?J 


4? 


H 




«7 


Jr*3 


J^./ 


/70t 


57./ 


SiX 


4s:q 


J*JP 


JJ^ 


33.67 


i9j 


9S.S 


it 




$c.C 


...^ 


607 


77.14 


J^.4 


34.1: 


4*,» 


54,*l 


550I 


JS.9f 


3oJ 


9tJ 


f9 




i9%S 


3MJ5 


37«3 


J77*/ 


JffJ7 


t^isx 


^ff^78 


JJ^,« 


3*5^.6 


334 73 


3Uit> 


fZ979 


20 




9tS 


16 55 


6J.9 


^7?S 


5j;^ 


SA.3 


4«7 


5W5 


^S^ 


-S|:j( 


Jt^ 


990 


^f 




n4 


J6-ffa 


65:4 


/S.f& 


J^.J 


373 


4»^ 


5^:57 


JSf./ 


34.7^ 


U7 


nep.o 


tt 




fl*j 


ir^7 


670 


/e4i 


577 


381 


*.fc 


5Jr«9 


«U 


35.07 


Jt5 


etj 


23 




?5,? 


J^4f 


68.f. 


^ftTtf 


J^iJ 


^a 


5/5 


5T6.?0 


6?.? 


3SM 


3^M 


dz 


24 




*.? 


J?.7^ 


^.T 


/«:?* 


603 


40 4 


JJ,5r 


5^.5? 


h4.4 


if hi 


JB.f 


&12 


^ 




5>?t^ 


mff? 


7/7 


^.25 


i^rh 


m4 


5J4 


56 04 


66.0 


3^.^e 


i?.4 


04J 


2i 




9^.f 


JF.4I' 


7^.? 


f^SS 


«2.9 


^ts 


541 


ET.iS 


«i?£ 


J* 20 


44f. 


^5.S 


2/ 




99G 


JP7/ 


74.9 


f9.Bi> 


£*.z 


415 


J5.J 


^rA7 


697 


J6.4F 


419 


0*4 


2» 




99f 


J5^/ 


7S^ 


lo.ds 


65:5 


MS 


5tf.Z 


S7 79 


7oy 


36.^ 


4rz 


074 


£9 




zooqg 


a^SJi 


J7W.O 


nou 


J5&tB 


iZ^£.^ 


2fl572 


35 a. M 


357K3 


33i^« 


14^^^ 


^J0*5 


3<» 




o^S 


39.tS 


7*t 


zoM 


Sff/ 


H€ 


Jffr 


Fft4jl 


73.5 


37J? 


45$ 


0*.6 


3f 




&^S 


IS^ 


*A2 


zo'io 


6^,4 


477 


51o 


5^74 


754 


37^0 


47 f 


A7.& 


3 J 




1?J.7 


4tf^S 


er? 


2fjd 


7^7 


4B7 


A(!.J> 


59^ 


7/^ 


3^^ 


4*4 


fK7 


?J 




o*je 


4a 5* 


S4i 


ZfAS 


7?0 


43.7 


6*.^ 


5g.ifl 


7ir^ 


^.J7 


49.S 


fl.$ 


^ 




fiij,& 


^P7 


Sy.f 


2t.73 


7J3 


S&S 


t/^ 


5S.TVJ 


90 A 


3S45 


54!» 


HS 


?F 




EtfS 


*/./7 


&7^ 


12.00 


74.fi 


J-^8 


«^S 


6fl02 


S/.7 


3g.73 


ja.t 


f49 


36 




074 


4/.4* 


eat^ 


tZ2S 


7ir9 


St 3 


(■3.7 
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994 


/9 


3J.4 
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25.rfc 
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^7.1Z 
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4<5£TtfJ 
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773 


<?47 
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^m 
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HM 
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fJ7J 


i3o 


^^M 


S7^ 


M.5 


IZ 
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»^0 
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417 


Z7M 


/9 I 


4*5 


of.i 


f*.5iJ 
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n^ 
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^J 
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490 


AioGy 


2S.O 


4j 


5*7 


fiS^TT 


S^t 


^e.TI 


3j,i» 


5SJI 


"J.4 


gV.J« 


JA4 


4S.« 


HfB 


£ff£ 


44 


577 


^.'E 


Ui 


3f.e* 


32* 


5*4 


(<L4 


iS(9 


/i9 


J&^ 


03.0 


^^4 


45 


W.7 


Uf^ 


ei 


^r?7 


^Ig 


&fl.r 


174 


is, 07 


J4f 


%6/ 


OAZ 


11.^ 


46 


5».e 


^Af€ 


tJ7 


J^>? 


M.9 


6t7 


}8.1 


S945 


Jtr 


SOS} 


4f.3 


n3 


j4? 


^A 


^r^ 


651 


^a^ 


:?6./ 


6i3 


1^3 


WW 


5Zi 


StTi. 


(tf.5 


J4.^ 


48 


m, 


£7&t 


6iB 


32 .5i 


^^i 


^J 


JP.3 


9b. 21 


J»J 


Si/it 
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Sz 
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fi 


7/, J 
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ns 
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9445 
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f9rZ 
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^922 o 







ii.f 
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6^,&J 


4jJ 


7i.% 


f0 2 


25.74 


?f4 


sr.sr 


//.3 


4i;j 


/9 




atypB 


?C«T* 


4fm^ 


4Ror 


4^44& 


i77l$ 


z^itX 


r^t.JJ 


Ar999 


At\.n 


41/ J J 


/B4C-i 


zo 




5?.P 


OZ^Z 


i^.7 


^^34 


4f.S 


74% 


'Z^ 


i6J| 


460/ J 


SiM 


f4-.Z 


^ 477 


^l 




JiS 


Oj.l; 


u.z 


6;. 47 


MS^ 


7hfi 


/J, 2 


26.95 


0?.£»' 


S15S 


/SJ 


4?.9 


zt 




J^J 


£>3.70 


fZS 


hUO 


457 


77 ^ 


/4./ 


i7 33 


^4,5 


S5.9? 


*T 


50.2 


7i 




S57 


B409 


*4.% 


*i,3j 


A9.Z 


7^4 


ISJ 


?7.7J 


06,i) 


JJ,^2 


/76 


5/4^ 


24 




^7 


DAM 


fSS 


&J.65 


M4 


7^.6 


^' 


?ppj 


^76 


W.K 


/«7 


F£.e 


Z5 
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^75 
Alt 

J7^ 


47/ 


56.9 


57 




^^t^ 


9tJ 


fQ.O 


044 


^i 


690 


7R5 


2e>S 


4i!t 


4%^ 


J75 


5* 




i&p 


^& 


H! 


LJ£^ 


41^ 


?PJ 


7^7 


^4 


^P.9 


^I£ 


-:»\\^X 



50 



TABLE II.— FUNCTIONS OF A ONE-DEGREE CURVE 



f 


9S' 


56^ 1 9?*^ 


T 


B 


c 


M 


T 


E 


C 


Ml T 


E 


C 


M 





eew.B 


^7^/5 


»44ff7 


rs^a 


656^.4 


2S33,E 


^/5:g 


\89S.^ 


16476.Z 


^9/73 


ff5^i-5 


f933.t 


t 


Mfi- 


S2T 


4*? 


5S4 


*i5 


34fe 


I /7.0 


96,-f 


79.1 


/a, 7 


8^.« 


J3.7 


i 


5*S 


54-Q 


^i>9 


*o,o 


$^; 


JS,* 


/?.u 


970 


ffftO 


£0.7 


a*.7 


J4.* 


3 


f?.5 


^SJ 


JZJ 


h^.h 


«9.C 


37 3 


79.5 


97^ 


S^.9 


Zl^ 


9S.B 


349 


4 


6(J.! 


^67 


5J; 


6i% 


7e!9 


iftT 


^^.4 


98 Z 


SJrs 


Z3P 


3^.9 


^6 


S 


62/> 


SSP 


?5* 


&fff 


7^y 


4*,^ 


^if.^ 


38.9 


BSJ 


^J- 


e^a^ 


3^.Z 


« 


6iB 


Sf.4 


55Sf 


C24 


74C 


4/F 


£2L.6 


99.S 


87f> 


■lSB 


^.^ 


Jifi.S 


7 


5^6 


6o.r 


Jt.ft 


6J.I 


765 


Jl?.9 


JL>^7 


}9mi 


%9f 


273 


?^a 


J74 


S 


£7.4 


6Ki 


j?:7 


«.7 


?»3 


44.> 


£4 8 


ooy 


9/4 


£fl.7 


9/? 


JS.^ 


9 


».l 


^3d 


iS? 


64J 


Hz 


45:7 


25-:9 


m3 


9J3 


JO./ 


?/.4 


JF.7 


to 


617/,/ 


^7£A9 


e4i^.9 


/F649 


A3ff7.f 


2.^7.0 




/90Z!a 


£495:; 

97f 


Z^J^.6 


ajfis 


/9J?.I 


tf 


7Z9 


t^t 


8N 


65^5 


03.9 


4F,4 


OZ.G 


fio 


?*,6 


J9,9 


t^. 


74ff 


G7J 


€Ti 


66. f 


S^8 


4pg 


Z93 


o$.z 


990 


^.4 


?5^^7 


^.t 


'i 


76,6 


*3.9 


Ci.> 


**.7 


877 


5/.:2 


30.4 


€>XB 


6fO<J9 


3S8 


96.9 


4/:^ 


f^ 


75?^ 


??l 


64^ 


6?'4 


89S 


Slh 


J^f 


04.4 


02 P 


57.3 


n.o 


4.1.ff 


^s 


ecj 


6^t 


6».0 


n4 


S4V 


5^.6 


OS.} 


047 


il:7 


nj 


47.< 


/£ 


B£.f 


7^? 


6^7 


686 


9i.$ 


5f4 


3i? 


0S.7 


0(5.6 


Uoo.'z. 


4^r 


^7 


83.9 


74.J 


m 


ft?.^ 


9^/ 


jTfrJ 


^.9 


0^3 


(J^.F 


4/.6 


CK3 


4i7 


fA 




7jr« 


6#9 


693 


97M 


Jlf.2 


36.0 


^69 


/ay 


4J0 


0?,4 


44.3 


/9 


BU 


T?;^ 


:«',fl 


^/^ 


n9 


55^. 6 


J7/ 


075 


/2.^ 


444 


CIS 


44.9 


20 


62S».4 


^77^5* 


F47/.Z 


f97fJ 


^4{f0.8 


^mio 


ef^^g.^ 


/^Sl. 


<^m.3 


29^i^9 


&604-6 


^94?.fi 


2} 


9/? 


79.7 


7JJ.J 


7/7 


a^fi 


^14 


J9J 


oB.B 


/t.z 


475 


^S.7 


4*t 


Zl 


9iJ 


0/./ 


?J.4 


7^.3 


04 S 


£J£ 


40.4 


0^.A 


^.^ 


4J.7 


&6.S 


Tri 


23 


9S:c 


9^^ 


;M.ff 


72, 


0$4 


65:^ 


fd 


TOO 


£*'.0 


5ft« 


079 


z? 


9S.F 


03J 


75r7 


7 J, 5 


08.1 


fi£.£ 


7^1 


2^9 


5^6 


09.0 


4».! 


z$ 


9Sf, 


8j:? 


;?!&.? 


i?S^J 


/O.l 


*Sf.f 


A3.7 


U 


t^JS 


B3A 


id 


ill 


2( 


6S0OS 


Pt.S 


7?9 


74 » 


tl.C 


e*4 


4^3 


25> 


ST^S 


//.2 


£7 


<J2.3 


n^i 


79.0 


7^4 


13.9 


70J 


4t,o 


fZ.S 


J77 


ssn 


/7.f 


S^iJ.o 


iS 


04.-Z 


991 


%0\ 


?^P /5.F 


7^1 


4^7./ 


f3./ 


2?g 


514 


tSA 


j;g'.6 


i9 


O^.o 


90.fe 


tl% 


76.t /77 


7i.h 


43.1 


^SS 


J^.i- 


SES 


^,s 


5^r_2 


JO 


*J079 


279^.0 


as82^ 


/87?? 64^9.5 


z^rfc 


9sm^ 


I3f4.4- 


i5Jl4 


z%^ox 


S£!5.€, 


f 3 51.8 


5J 


0».7 


9 J. 3 


S3S 


770 2f4 


7*4 


J0.4- 


fS-O 


3fJC3 


Si 7 


/tf 7 


S^.S 


32 


ttS 


947 


S^C 


7B ? 1 £i J 


77 S 


rrj 


fS.6^ 


372 


63. F 


/75 


S3J 


31 


^J4 


9&.) 


tS7 


79J 


zsa 


n.t 


52.* 


IG.Z 


332. 


£4ie 


/99 


33.7 


34 


yj,z 


?^4 


fll 


797 


Z7/ 


eo^ 


'M 


/e.9 


4/-^ 


«6je 


20P 


54? 


3s- 


f7J 


9fi.S 


^01 


£09 


32.0 


/7S 


4310 


67^ 


2fJ 


ss.o 


3* 


i$3 


E 9017.2 


F9.t 


90.9 


JO? 


S3A 


S6P 


/8t 


44.9 


£S.9 


2ri 


3S:€ 


s 


sag 


^f.S 


9CZ 


gi.r 


;j;.7 


Iti 


n^ 


4£.F 


^J? 


211 


5t,z 


^£6 


et9 


91 i 


8^.^ 1 ?4.« 


sex 


/9.4' 


4la» 


7/.F 


Wkf 


56J 


39 


^45 


C4:B 


^ts 


g^.S 5 6^5 


57* 


S^l 


20.0 


ja7 


7J.5 


?W 


sts 


4« 


&3a6.3 


no^f. 


S49J6 


/Sei',4 g43S4 


Z8B90 


dSJ^4 


/9&>6 


e5i2.6 


Z9747 


F^;*^ 


t9SB.i 


4( 


Z».2 


%i 


SI 


g-? Q Ao.l 


d04 


6t'5 


£^1.Z 


545 


7ft./ 


Z7 6 


S87 


4£ 


Ma 


84 i 42 f 


9/^ 


6i.^ 


z*.S 


Jtf.y 


776 


Zd.7 


S9.4 


4^ 


1/9 


09J& 


9t9 


*r,5| *4J 


9J,^ 


^17 


1^5 


J*4 


790 


7^.B 


^o.a 


44 


:j^7 


iKt 


m 


0^^ 


4£9 


9^.6 


^9 


23.< 


£0.3 


&C.S 


J09 


60s 


4F 


JJ-tf 


/ZX 


992 


If^^ 


4r.i 


96.1 


6F,9 


^3.7 


fiz.z 


3i9 


32 


Ul 


4£ 


3;?4 


n^ 


SfO&i 


»7^ 


A37 


975 


£7^ 


243 


G4.1 


9^4 


li. / 


^/.9 


47 


an 


fSJ 


&L4 


877 


5/6 


95.9, 


6B.I 


2i!D 


££ / 


*4ff 


34.? 


€Z3 


4f 


4/./ 


f^j^ 


oii 


^A3 


5J5 


^t^^t 


t9'2^ 


2S-6 


«ffO 


^6 3 


J5J 


£3.} 


49 


-JJjO 


f2P 


OSJ^ 


tff.O 


5.^ 


u/J 


:w.3 


Efi.Z 


70.0 


S7J 


J*4 


61.7 


5-0 


eJ4l4.S 


Ig/fA 


B?^8 


fB89.4, 


6457S 


EBCJA 


BS7fS 


/9£6g 


^5779 


Z9B9Z 


5^^575 


m4.4 


ri 


467 


2o,S 


{it,9 


90.Z 


:S9/ 


fl45 


7/fi 


£7 5 


7^% 


90J 


3»« 


65:0 


y£ 


4t« 


?i,i 


07P 


90,8 


t:o 


<Mi> 


7/7 


*SJ 


■^T 


9zj 


J9.7 


^5:6 


SS 


50^ 


^\5 


C%J 


9/4- 


1 625 


(>74^ 


«.5 


^ff,7 


77.7 


91« 


4C.^ 


^f 5 


^4 


^^5 


i-»;9 


C^% 


^48 


(3t.B 


7i^? 


29. J 


79^ 


9S.0 


4t,9 


669 


J-J 


J^f 


2€J 


fo^ 


W7 


III 


/O.^ 


77*3 


Jt9.^ 


ms 


95. r 


4^,0 


67S 


5-e 


5&P 


try 


M5 


^^ 


^/.6 


73 J 


3tf.€ 


S^S 


97 3 


44 1 


^ff / 


J7 


5?g 


t90 


fZ.k 


9 J. 9 


;^5 


/3,o 


79.^ 


3AZ 


^^■4 


9»4 


4-5 2 


e^.a 


ss 


s*l 


J04 


/IT 


a*5 


7^4 


/^^ 


&03 


?/9 


^r? 


JO 00.9 


46.? 


694 


^9 


__5Ae 


5/^- 


f^ 


9i-/ 


_?^.? 


,^4^^J_BL±1 


3^.4 


^^J 


61.3 


^7^ 


7M. 



TAP.LE 11.— FUNCTIONS OF A ONE-DEGREE CURVE 



A 


T 


H 


C 


M 




A 


T 


E 


c 


M 


i^to- 


^S9Lt 


^oj^ 


^4S^ 


l*7(>/ 


/08*- O' 


Tsmx 


^fSlL 


9i7ae 


£j6y.e 


to 


6&/f,e 


/S,4 


5».4 


7;^^ 




/& 


TfmA 


378 


»^> 


tae 


^ 


3oj 


3J./ 


?£fj 


Pi J 




^ 


M.^ 


S7.4^ 


»a3 


7^5 


Ji> 


49.^ 


4?.? 


F^Z 


39 6 




M 


S9.0 


712 


95oft/ 


S2J 


^^ 


99.B 




no 
97t^t.9 


9S.9 




^ 
a^*^ 


9J4 


^7J 

4ifr.o 


ORB 
va5 


9iL«| 


W^ a 


ero$.Q 


9ET 


«7 


03S 




/(?3^ 


5z.r 


J?./ 


£9.£ 


Z4o^.4 


lO 


t9,^ 


3fQT7 


^.J" 


I4..9 




70 


574 


S73 


J».9 


OSLZ 


zo 


4ar 


, re.^ 


jr:3 


2/,Z 




Ap 


t^3 


77 S 


^9.S 


i6.o 


30 


6S.f 


JSJ 


^J 


£76 




3^ 


0to7S 


979 


5SA 


its 


4a 


BBJ 


J"J.^ 


5&.4 


3J.^ 




>*<? 


n.3 


^2/dA 


67ff 


£9.& 


£C 


^QB.t: 


*R7 


G^f 


40.* 




jT^ 


S7S 


39.6 


7^1, 


3*4 


ipe^ o 


«Zi.^ 


3^ff4J 


877K^ 


ZOA^j 




/A?e ^ 


3fSz^ 


42591 


93^7(5 


£441.3 


to 


*g5 


9*« 


0!?<J 


sxi 




Ai 


BZOBZ 


BO.S- 


3e.s 


StfJ 


go 


«fjB 


32 /^, I 


35*. 7 


^,5 




Jff 


33.7 


4-$OfA 


94i>6C 


316.9 


W 


S9l 


303 


&8t<?.'^ 


«:* 




30 


J^.3 


zz^ 


/5,ff' 


63.8 


4o 


Wo*.t 


^.f 


tf.G 


?5£.3 




40 


SS0 


436 


as.o 


7P6 


o^ 


JPJ 


tf/:> 


sy.7 


7s:7 




^^^ 


Bi/^.S 


64.^ 


^*S 


77 f 


tot^ o 


so^h 


72 J 


4Z5 


$s:/ 




///* i> 


36 .r 


86 J 


439 


W.5 


/Q 


7/.j 


?^.l 


5^5 


5/.€ 




70 


(fi.7 


44^7^ 


Ji.3 


9^£ 


to 


no 


3iiOJ 


eit+ 


5*J(? 




^4> 


gp,^ 


t%r 


6i.ff 


9a/ 


so 


fOI^J 


26.f 


7*.o 


Z^CJ^T 




IS 


W4-lS-_f 


SO.9 


rt.i 


SS049 


m 


33.fr 


4js3 


W.5 


/a.9 




AO 


4-rC 


72.7 


BKS 


//.9 


fQ 


S4.S 


J»J 


9££> 


f74^ 




SO 


6B.O 


94A 


9C.9 


iftg 


fOJt^ 


7&7r.S 


J3^.^ 


Bfors 


2/2 J,^ 




//^l C7 


?4546 


4i-/6.6 


35ac.? 


?S£J7 


to 


96,6 


9/.E 


M:t> 


*?.! 




/O 


e5-£/ J 


JB.e 


<5a5 


32.6 


?o 


-ftnt 


?*077 


^6.5 


3£jtf 




to 


4Sf 


6// 


/RS 


3^,5 


to 


39 jO 


£4..J 


J6,9 


4J.3 




30 


?s:o 


fij.4 


iSJ 


^■S 


46 


6(^.3 


x^.* 


474 


*aB 




4<3 


$6oZ.i 


46£'6.0 


373 


^^0 


8^7 


5/£ 


st$ 


ffl 




^£D 


i9.i 


£g.6 


4A5 


60.3 


ff>^ o 


Jzokt 


W>* 


^ff.f 


6?.f 




//#a <? 


Ti.6 


jr/.3 


3-5:7 


67^ 


io 


Z47 


3/1 


7SS 


*9.4 




/o 


B4P 


14 Z 


^.^ 


7*.1 


10 


46.3 


JJ^iW.£ 


S9.^ 


7j:f 




ao 


»7MS 


97Z 


7*/ 


8/^ 


30 


€8.0 


Z5.e 


99.^ 


W.S 




J£> 


39t 


4.7£0J 


ii^ 


5a^ 


4a 


3».B 


42^ 


9fe9W 


^.tf 




4^ 


sro 


4a.& 


5r./ 


St> 


Tiiiy 


i-*.6 


19.8 


«?.£ 




5-tf 


94.9 


S6.9 


fiPlS 


^frO^.I 


m^ 


7JJJ.S 


3^6ff 


^3o.f 


EZO^J 




/f4^- O 


san.^ 


47^^.4 


U/^.& 


-Z6P9.' 


/0 


rx.6 


941 


4o.i 


09.T 




to 


SLO 


4^/4- J 


19 6 


/&; 


10 


77$ 


len 7 


Ji^.S 


fS.l 




xo 


79,3 


37S 


^97 


^3./ 


$0 


n.9 


29 2 


60 J 


i^^9 




so 


S9077 


^tr 


37 7 


30.t 


AO 


^IZ.t 


46.8 


7&J 


*».s 




4c 


f*r? 


S^.7 


4^J 


37 t 


^^^ 


44 & 


G4,r 


»U 


3FJ 




^^^ 


S4,* 


ooa9 


ssj 


44.' 


f09^ 


67.0 


e^,^ 


9n 


4-/.7 




J/S"^ 


9%S 


34-./ 


64-7 


S.! 


/O 


$9.6 


37iO©.^ 


9/0/.* 


4ai 




/o 


9&tZ.T 


^*-* 


71& 


XO 


7S//.t 


iSZ 


//5- 


54.9 




ito 


Ji.7 


FfJ 


«,S 


€S7 


30 


3*5 


36X 


^/.& 


€/.^ 




SO 


%o3 


5eo7S 


9^.4 


7t% 


40 


UI 


54.^ 


IA7 


6B.1 




4^ 


9ifi>l 


32 .6 


97rwJ 


TS^J 


50 


72 G 


4i.S 


74.ff 




S0 


^f.ff 


F76 


^ftz 


W.1 


/06^0 


760lr 


379^.0 


9fSf.8 


ZZSt.S 




m^ o 


9f69.^ 




97/^.C 


2693 A 


to 


26 X 


J5o^.4 


m.f 




70 


39. f 


£6.9 


£7D0.J 


ZO 


49l7 


27? 


7^S 


94.3 




zo 


9SZ9.0 


33 3 


33:7 


o7.% 


so 


71.9 


*6 5 


9fe 


^ao/.4 




30 


S9.0 


JR« 


444 


/46 


4o 


H3 


£^e 


5/F 


DBJ 




^ 


89^ 


e*? 


5J2 


^'■^ 


^^^ 


77/^,7 


^4b 


?to^7 


I4.e 




«*^^ 


^SffS 


5s /03 


6/9 


28.g 


/oTS' o 


43.2 


J5J> 


//.fe 


ILST 




//7? O 


m9 


36.2 


7t?.7 


JS:9 


fo 


6ft 


^/,5 


z^.ff 


iB.i 




/i? 


%0!^ 


62,i 


?9.4 


4iO 


to 


9clS 


^<19 


3M 


H3 




2^ 


nn.^ 


fft^ 


SSI) 


5a r 


3G 


7gt4.3 


fi^,/ 


itU 


4/7 




50 


4^7 


S3 15,0 


9*7 


573 


4C 


Hj 


7«4 


X/./ 


4.8A 




40 


7S.Z 


4P.5 


^0^373 


<:4.4 


SO 

_J 


.M 


3S^.7 


^to 


ss:/ 




SO 


9SC4^.4 


6#2 


/J. 9 


7/.5 



TABLE III.— CORRFXTIONS (T(J BE ADDED) 



V*Ltit 

Fm A 








DEGHH 


OF 


CURVE 










\Ai.iM 


z* 


5^ 


4*. 


S" 


& 


r 


F^ 


9> 


10'' 


tr 


/Z^ 


ir> 




too 


JW 


.PC? 


\oo 


Of 


.oi 


,0} 


Oi 


.Of 


.a' 


Of 


.Pt 


.ot 


too 


BOO 


-00 


.01 


.Oi 


Oi 


.Of 


.P2 


.07 


.01 


jjj 


03 


.^ 


.03 


ZOO 


300 


.a 


ox 


Xii 


OZ 


.02 


.03 


.(f1 


.OJ 


M 


04 


OS 


OS 


30C» 


4oo 


.01 


.o\ 


.01 


.OS 


.0^ 


.03 


04 


.OS 


OS 


.Ob 


Of, 


^7 


400 


Soo 


Oi 


,0£ 


,01 


.03 


.04 


M 


f. 


.Q4> \ 


Ob 


.07 


.^ 


.^B 


soo 


600 


.Oi 


.0^ 


.03 


.^ 


.04 


.OS 


.07 


.08 


.08 


.0^ 


.fo 


€00 


TOO 


if I 


.01 


.ai 


.04. 


£6 


Ofr 


Of 


M 


.09 


.io 


.ft 


.f2 


TOO 


800 


.0^ 


.HI 


.04- 


OS 


oi 


.07 


.OS 


.09 


JO 


Jt 


J2 


.f3 


eoo 


^oo 


.01 


,03 


e* 


OS 


07 


it 


.0* 


JO 


Jf 


.tl 


.t4 


.fS 


^00 


fOOO 


,£JZl 


,o5 


of 


.£% 


.or 


./o 


Ji 


.n 


J4 


JS 


,tb 


fifOO 


f/00 


.oz. 


M4 


.OS 


or 


.OS 


JO 


Jt 


.ft 


J 4 


.iS 


.tr 


.f8 


ffOO 


ft 00 


.oz 


.04 


,06 


.of 


.09 


JO 


JZ 


./4 


.t^ 


./7 


.te 


.^0 


fzoo 


fBoa 


.oz 


.04 


J04t 


OS 


.fO 


Jt 


J3 


JS 


.'6 


.iff 


.^0 


.tt 


fioo 


moo 


i?3 


.0^ 


.07 


.09 


.fo 


.f2 


f4 


.tb 


.fB 


.f9 ' 


Zf 


.23 


t4oo 


/soo 


I? J 


.OS 


.07 


.09 


Jt 


,/1 


JS 


tr 


Jf 


.2} 


,Z3 
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TRIGONOMETRICAL FORMULAS 





SOLUTION OP RIGHT TPIANGLFS. 

2. eosA = 4=5iViB 3. fo/fA^^^cofB 
4. cxftA^^-ibnB 5. sec A = £- w.cosec5 6. cosecA--^= secB 



I. sioA«-^~coifl 



7 ver5^ 



= :i = 



SOLUTION OF OBLIQUE TI?IANGLES. 



Sin A 



10, 



si'aA 



n. 



sin B _ y 



S'wB ~ 5 ^"^' 5inC ~ c "• 5//»C c 

II. A+B+C = /80' 13. ^fA-fErjsPO'-^C 

14, MCA-0) = |^ife/7f(AfB) 

15. A«^fA+5)+^(A-8) »€. B^^(A^S)'^{f\'B) 

17. orea =^j!>csiV) A Let s =^(a+b-t-c) 

18. sm^A =r"\[§5^H? 19. arca=Vs(s-a)(5-y(s-c) 



G ENER AL FORMULAS . 



2a s/n'A + COS'A = I 
22- ver5A = /-co5A 



si'o A _ A A 



23. exsecA= sec A- 1 ' 



vers A 
cosA 



MISCELLANEOUS FORMULAS AND THEIR APPLICATION 63 



1. Exfra Wi'd+fj of Ova^G on Curves, 

The tjMoge shouU be w/denec/ /^^ {or each deqree. of curve. 

2, Elevation of outer Roif on Curves. 

For a speed of 55 miles per hour ihe . Gievafiofi ^ 2. X ((degree of curve). 
The elevation varies os the 5Quore of fhe speed. Thus for a 4** 

curve and q speed of 40 miles per hovr e.levafion =^ Z)(4-Xh=^] = A:A, 



55j ^'4- 

3. Mi(/(/fe Or(/i notes for curving Rails. 

For o ?d?' roil the ordinate, ^ .OZ X (degree, of curve). The ordinate 
vanes os the souore of 1he lenglh of roil. Thus for an 8* curve 

ontl a 26' roil ordinate ^.02x8x1^ = 12 

4. pKiie for Keeping Joinis SQuare. on a Curve. 

Cut a rcfil of ar)ij lengln ai a poinf' disfooT from center oT ^ruil 

{l^idd^^j ''^^^es. ]n ihis formula L - length of curve in feet 

and D « degree of curve. Use. the longer piece on the outer 
rail and the shorter p/ece on the inner rail. 

5. E^ipansion of o Sfee/ Roil. 

Steel expands .01 per \00 for each IS" F. rise in temperature. 
Thus if Ihe temperature changes from 0° to 90'' a 30' rail Will 

expand (.olxf^^X^) ^.018' 

G. 7b (iefermine ihe Decree of Curve of a TracK without a Transit. 
First tyfethod. On standard gua^e track the decree of curve -af-J, 

in v/hich C = long chord of outer guoge line tangent to inner guoge 
tine, the middle ordinate teiog tiie guoge of Vie tracK. 

Second Method. if the long cnord of outer guaqe line = €E the 
fnidd'e ordinate if) inclies = decree of curve.. 



64 MISCELLANEOUS FORMULAS AND THEIR APPLICATION 



7 Compeosafio/i for Curv«rft;ne. 

lb moKe. resistance on a curve eaoof ^ resistance on o Tangent 
decrease Ihe grade, on fhe curve .05^ Z xf degree of curve). 

8. Ions of Rail per Mile of TraeK. 

The number of tons of 2140 Ihs. in a mile of trac/C^^y^y/teigkf 

per \jarjj. Thus for a S6 lbs. rail tons per mile - -^xS6=8d, 

9. Formula qiyin^ ihe Radius oi o Rovers^J Curve between 
Parallel Tangents. 

Let p ^perpendicular aisTonce hefween to/tf^nts, 
and d= lengtk of chord from RC. lb P.T. 



|2 

Then Raj I us = ^ . (sxoct formula) 



Ap 



10. Approximate Values of E, C an</ M for a curve of 
Radius R and Decree D. (see taUe U) 

If A is less 1ha/f Zo% 

II. Af =■ ^ X -^ Ar-g- (opprox ,j 

IV. C ^VSRM (approx) 

As A increases beijond 2o* the error in using these fcrmulos 
increases more rapid 1}^^ for/?fo/as I and HI givmg yfolyes 
too s/>?o// and formulas II and IV giving values ibo large, 

11. Correction Tor Cvrvatore m chaining TracK. 

The correction for a lOO' stofto/i ^ .04 X (degree of cvrve). Each 
station should be shortened iy ihis amount vvhen chaining on inner 
rail and lencjThened b«j 1he 5an?e amount vthen chommg on outer roil. 



MISCELLANEOUS FORMULAS AND THEIR APPLICATION 65 



/2. Correction -for Orode in chaining TracK. 

In choi'ning on a qrode each lOo' station shotf/^ he /eagihe^&4 bif 
an amouo't equal "h the €Qt/or^ of Hfe ^ra^/e K^tWde-H b*f ZOO. Thus 
on a 3% ^rode fffe, cjorreaf/on per stof/on is J^ ^,04-5* and 
"the correct/on per mile S2,S X.O AS ^ 2.576 . 

h its genera/ form fhis formula becomes ^~jt» '^ wA/c^ A = 
ihe hose of o riqht tn'onqh and h "the o/^ifkt/e^, h b&in^ small 
in co/vpor/5on w/^ i. /C = the amounf 'the hupothenvse is lottqer 

than the. base . Thus in lauin^ off a right- angled distance of 
66' suppose an obstacle is encountered but Q point nfoy be seit 
<*.5' off of ihe ri^ht'Ongfed line . jhe distance on me hifpolhe- 
nuse Will be SG-l-^L^ = 66.04' 

15. Me'f^o^ oi locating a Cvrve bu Offsets wfthoi/t a Transifl 
Af>proK!frto^e offset from fongent ^^f-^ O , in yvhich L- iengilt of 

CKir^e and D - degree of Curve . 

Given a Z'-JO' curve * Station of RC.= /76/32. fr'eaoired ih 

set points at each st'otion on fhe curve. 




Point a = Re. of corve. 

Extend fire tanqent from a % d vnaKinq aJ ^ ^S* 

*=d = ^(/^)>^-y = /•<?/' Measuring 68' from a and l.ol' from d 

/oca/cs station tir of c. 

Locate point b ^y pjeosuring 68 from c and Ijoi' from a . be is 
tongent to fhe curve at c . ^ 

Expend be to e mof^ing ce - too*. ^"^ -8(^)x2.S ^Z.o9' 

Measuring /oo' from c and 2.09' from e locates station 178 at f. 

Extend chord cf to h maKing fh*fOo\ ZXf.09^4.IS'»^g. 

Afeasunng loo' from f and 4.f8' from h locates station f79 of q. 

Locate the remaining stations same as station 179. If ftc Ist 
staff on is near lhe RC . set Ihe tnJ station irom original tangent 



66 APPENDIX.— FIELD ENGINEERING WITHOUT A FIELD BOOK 



L^f A*afiy o^q/e ex/>ress€</ m c/cyrces anj dedmols of a jeqree. 
tofi- natural tan^nf of A. 
/?« radivs of a curve vs/hose Jegree » D- 
A maif l)Q expressed in terms of ton bj^ ihe fJlo¥v/a^ formulas*. 

fl) A^S7.i\tan^MJ for values of tc^ from lk.Z^ 

(2) A» [60-l^(totJ^^tif ".G-^ton for yolues of ton fron?,25ib,50 
(3j A^ feo-'I^(t,n',i)]fo^''^(.7S'-&nf for values of hif from, 50 -^JS- 

(4) A =/i:o- l^(lo„^,^to„ .,01 for values of taa frt>m,7ffo Ifio 

For oppror.]mate. results ti)e ohove formulas mou be simplified 
OS folloy^s: 

(5) A ~S7.3ibn -for valves of taf* frcm O fo.zs 
(is) A-'^^O-lfihn^^fan for values of U frm.t^loKOO 
F? motf he expressed in terms of D as follows: 

(7) R~ €2^^.07JO 

ERROR IN USING FOffMULAS 5 AND 6. 



Tanqertt 


P^s"^, 


Anqfe fcu 
Fo?m. ^ 


£tacf 


Error in 


Tongeni 


^;?ir 


Exact 
Anf/G 


Error in 


aos 


2'-SI.9' 




2'-h.8* 


-fo.i 


O.S 


26'-40' 


2^-349' 


+ 6./ 


OJ 


5-43.1 




S-A2.& 


+ 1.2. 


0.6 


31' O 


so^sze 


+ 2.2 


O.Z 


11-27,6 




//-/8.e 


49.0 


0.7 


3S' O 


34-39.5 


+o.sr 


0.2S 


14' 19.5 


/4*22.5r 


/4'02.2. 


+20.3 


O.B 


39'40 


38-39.6 


+0.4 


0.3 




17' O 


/6-a2.o 


-k-lS.O 


0.9 


4^2- o 


AI-S9.2 


+0.8 


0.4- 




22-0 


Zh49,l 


i-ll.^ 


l.o 


^'Q 


45- O 


O.O 



ERROR IN USING FORMULA 7- 



D 




Mid'fus' 


fmor 


D 


Form. 7 




£rror 


"cf^/j' 


£29^0.34 


Z£9/5.3f 


+0/ 


//• 


SBL^T 


l2fG7 


O 


^-?o 


//459.50 


iMs^jQ 


+.or 


iZ 


^-TB.J^^ 


478.34- 


O 


C>-4J 


7ei9.49 


7&7BA9 


o 


a 


44J,e^ 


44/. 6B 


+.01 


f- O 


57^9,65 


5779.65- 


<? 


/4 


4/0.2& 


4-(£?.ag 





/-JO 


7S/9.0J 


50/9.g^ 


CJ 


i5 


3»J,0 7 


3gJ.o6 


+.01 


£ 


iSg64.94 


?ee4,9J 


^.Of 


i^ 


3Sr9.27 


359. ae 


i'.Ot 


3 


;9;o,£?0 


J9/o,aa 


C 


t7 


33^Z8 


535,27 


+.(W 


4 


/4J£.^ 


M3^.&9 


O 


/B 


3i3.eZ 


3y9.€? 


e 


S 


!/4eeg 

9^^.3 7 


//4*.£^ 


O 


if 


30^9^ 


joij^ 


o 


e 


9i^5.B7 


O 


20 


?S794 


2S7^4 


o 


7 


BfS.OZ 


B>^.^2 


O 


2S 


a^Ao; 


^3f.o( 


o 


8 


T/6. rs 


7/6.7S 


O 


30 


i93./^ 


i9I, /9 


-.or 


^ 


.f'7?l? 


ej727 
.57^.61' 


+.Pt 


jr 


/£i ZC 


/fe.^g 


-01 


/o 


O 


^ 


m^.fC 


f46.f9 


-P^ 
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er 



EI?/?0« IN USING FORMULAS I, Z, 3 AND 4-. 



fhrmvla 2 






krror 



lan^iit 



.OOS 

,0\ 

,OZ 

.03 

.04 

.OS 

.oe 

.07 
.08 

.09 

./O 
.// 
./2 
./3 
./4 

./6 
.17 
.IB 
.19 

.20 
.21 
.2Z 
.23 
.2^ 



R)rn»o'o 7 



Fxocf 



!r^J 



Tbfige^ 



t4-'34'.o 
15' 06.3 
/S-38.4 

/6-42.0 
/7- /3.5 
/7'44.8 
f8-/S.9 
/8'46.S 

\9'I7.S 
/S-A9.0 

fLO'ie.y 

20-48.4' 
7il-/8.3 

2/- 4.8.0 
22- /7£' 
22 -46.8 

23 -/s: 9 

23-44.9 

24-/3.5 
24 -4Z.O 
25-/0.3 
25"- 38.4 
26 -06.3 
2^-/4.g 



ii4--02.2' 
M -34.y 

I5-06.6 
/S-3aF 
I6-/0.3 

/7- /3.4 
n^4^.7 
t8'IS.8 
/8'46.7 

19-/7.4' 
/9-47.9 
BO-tF.3 
Zo-48.4- 

zi-/a.3 

21-4^.1 
22-/76 
Z2-A6.9 
21-/6.1 
23-45.0 

24-/3.7 
24-42.1 
2S - /0.4 
25-3a5 
26-06.3 
2^-7?,9 



G'-/7.2' 
0-34.4 
/-08.8 
1-43.1 
2-/7.^ 

2- 5/.8 

3- 26.0 
4--00,3 
4-J4.S- 
5-OR6 

5-42.7 
6-/6.7 

e-so.e 

7- 24.4 
7-58.2 

8- 3/. 8 
9-OS.4. 
9-3R8 

/0-/2.2 

/o-4y.4 

11-/8.4 
11-51.4 
12 - 24. 2 
;2-56.8 
13-23.3 
14-01.^ 



0''-l7.2' 
0-34.4 
I-08S 
1-4.3,1 

3-ZG.O 
4--OO.Z 
4.34.4 
5-08.6 

5-42.6 

6- f6.6 
€'S0.6 

7- e4.4 
7-S8.2 

8-31.9 
9-OF.4 
9-38.9 
/0-/2.2 
IO'4S.S 

11-18.^ 

/2-24.S 
12-57 2 
13-29.7 
/4-02.2 



O.O 
0.0 
0.0 
0.0 
O.O 

O.O 

O.O 

■hO.I 

■k'O.l 

ox> 

+O.I 

+O.I 

O.O 

0.0 

0..O 

O.O 
0.0 

-o./ 

CO 
-O.I 

-0.2 
-0.2 
-0.3 
-0.4 
-0.4 
-o.g 



.25 
.26 
.27 

.29 

.30 
.3/ 
.32 
.33 
.34 

.35 
.36 

.39 

.40 
.41 
.42 
.43 
.44 

."45 
.46 
.47 
.48 
.48 



0.7 
-OS 
-0.3 
'O.I 

O.O 

Of} 

■fo.l 

fO./ 
•HJ.I 
+ 0./ 

•f-o./ 

+O.I 
0.0 
O.O 
O.O 

-0.1 

-o./ 

-O.I 
-0.2 
-0.2 

-0.2 
-O./ 
-O./ 
-O.I 
O.O 

l±oj_ 



An^/e by 
fisrwula 3 



Erroi 



Forrmla 4 



Exact 
Angle 



"hn^i 



exact 
Angle. 



Tanged 



36t 5/. 9' 

37-/3.8 
37-35.5 
37-S7.0 

38 -18.3 

38-33.4 
39-O0.1 

39 - 2/.0 
39-41.5 
4-o-Oi.8 

40-2/.9 
40-4/.9 
4-/-OI.5 
4-1-21.0 
41-40.3 

41- 59.4 
42-/8.3 
42-37.0 
42-SS.S 
43-/3.8 

43-31.9 
43-49.8 
44-07.5- 
44-25.0 
44 -42.3 
44-5$A 



Error 



.50 
.31 
.52 
.53 
.54 

.55 
.S€ 
.57 
.58 
.59 

.60 
.61 
.62 
.63 
.64 

.65 
.66 
.67 
.68 
.69 

.70 
.71 
.72 
.73 
.74 



26'- 33.8' 
27- Ol.l 
27-28.3 
27- SS.3 
28-22.0 

28-485 
29-/4.8 
29-40.9 
30-06.7 
30-323 

TO- 57.8 
31- 22.9 
3/-479 
32-12.7 
32-37.2 

33-OI.5 
33-25.6 
33-49.5 
34-/3. 1 
34 - 36.5 

34-^.7 
35-22.7 
35-45.5 
36-08.1 
36 - 30.4 
36 - 52.5 



26'- 33.9' 
27- 0/.3 
27-28.5 
27-55.4 
28-22./ 

28-48.6 

29- 14.9 
29-4J.O 
30-068 

30- 32.4 

30-S7.8 
3;-23.0 
3/-479 
32 - 1277 
32-37.2 

33-OI.4 
33-25.5 
33-49.3 
3A-I3.0 
34-36.3 

34-59.5 
35-22.5 
35t45.2. 
36-078 
36-30.1 
36-52.2 



-O.I 
-0.2 
-0.2 
-O.I 
-O.I 

-O.I 
-O.I 
-O.I 
-O./ 
-O.I 

O.O 
-O.I 
O.O 
O.O 
O.O 

i-O.I 

-ho.i 
■hO.2 
■ho.i 

■hO.Z 

■fO.2 
-fO.2 

•^o.3 

+0.3 

+0.3 
i-p-3 



rs 
.76 
.77 
.78 
.79 

.80 

■%'z 

.83 
.84 

.95 
.86 
.87 
.88 
.89 

.90 
.9/ 
.92 
.93 
.94 

.95 
.96 
.97 
.98 
.99 
l.QO 



36"-522' 
37- f4.l 
37-35.8 
37-57.3 
38-/8.5 

38-39.6 

39-00.4. 
39-21.1 
39-41.6 
40- 01.8 

40-21.9 
40-41.7 
4/ -01.4 
4/ -20.9 
4/ -40.1 

4-1-59.2 
42-/8. 1 
42-363 
42-5S.4 
43-/3.7 

43-31.9 
43-49.9 
44-076 
■44-253 
44-42.7 
45-OP.O 



-0.3 
-0.3 
-0.3 
-0.3 
-0.2 

-0.2 

-o./ 

-0.1 

-0.1 

0.0 

OJO 

+ 0.1 
+ 0.1 
i-O.I 

+0.2 
+0.2 

+ 0.2 
+0.2 
•I-O.I 
■hO.l 

0.0 
-0.1 
-O./ 
-0.3 
-0.4 
-0.6 
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Use of Formulas* 
Given a A^ curve. A « 37-44^. To -TfOf/ T, 

•^^ » /8-f£'. 3f tnal tan ^^ is -found % he between .3 on</ A 
Since if tan = .4 in formu/o (€) A =■ 22'- o' 
otiJ if far? = • .J f'n formu/o (6) A - 17-0 
Chanoe of .1 in ian chanoes A \}ij S'-O' 

12^, -^CO = .04 .S-I-.O^I. ^ .54 = approximate tbnj ^ . 

Ian ^6. lies [>etween .25" ancl ,50 Therefore, trse ^rmula (2) 

/f iitn s .34 In iormulo {2.) A ^ 18.78''= I8*'4(,» 
If ton = .35' in formula {z) A = /9.29Z = /9'l7,f 
^chonje of .01 in ian changes A hy 0'-3a7' 



[;4£8 J^(Ol) =.0016$ . 34 +.00/69 =.34169 =/an^A. 



O'OS.Z 
By formula (7) /f = ^^2JS +.o7S(4) ^ 1432.69 

T' /?ifn^A = i4SB.69 X.34I69 = 4-9^.54 

Exact tan /8'S2'=.34-/73, Error .Oooo^ 
Exact T » 4S9.S9, Error .OS' 



Srn^A Q«</ cos^A /77<?y ie JeriveH from t^n-gH hif camlaininq 
ie tivc form vi as, 

sin'-^d -h cos'^A = ton'^A 

anj ±it^tan^^. 
cos J A 

AI30 >/ers^A- /-coi^^. £"x5ecj/a = 5ec^A~/ = — IX"'* 

E»/?ex5ec±_£i, C = ZF^5in^A. M^Rvers^A. X^ffs'mA, Y-RversA. 

"Thus anij funciton of a cur^'e may be foun(^ b»4 f/^st 
finding tan A or ton^ ^ . 
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7b iind an angle whose toff^nt /s greater ffjoff AOO f//?</ 
/fe anj/e corr^spond/n^ ^ jr- one/ suhfraci fro/n 90*. 

(yiyen tan = /S-^^ To f/n</ A . 

This number //es hef'ween ,7S c?/7</ /.Oo Therefore use 9orm- 
oIq iff-), 

3ubsfltuf//t^ tor? - .SOZ568e in iornfu/a (4) ^ives 39'- 44.8' 
90'- (38-44.89 =SA/S.z' = A . 
£xact A = 5'/'/S'.o\ ^rror o^'O.Z 



.To find ihe ton^enf of on anqle greater ihan ^5"* coffe. 
WG /-ec/ppoco/ o^ ihe tanqeni of [90*^ /be o/7<jle) . 

fpeauired ihe ttinqe/ff of ^6-4-3 . 
90"' (sig'4ij = 33'- f7' 
If to/t ^ .7 if? iormola (6 J A^ ^5^'d 
If fo/f ^ J^ iff formoh (6) A - ^/-O 
Change of J in foil changes A b^ 4'-0 

^'Z_ ^ . -^ U) = .OG .6^,o(? = .66 = approxirfrafe tan 3^-17 

Tan 53-/7' /e5 bet^feen .SO an J .75" Therefore use formo^o {3} 

If tan = .66 in formulo (3) A =■ 33''^S.^' 

If ton ' ^ in formula (3) A- 33- O/.S 

Change of .01 in ton cVjonges A \hj C?*-?4./' 

33^-17' 

13'0/.5 ILL f 01) ^,0064-3 .^5+.00(,43 =.65643 = Ion 33*-l7' 

■^^3 = /.5a339 = tor, 3¥ - 4-3' 

^xocl ton S6'-43' = I.SB332^ S'rror .OOOO7 



